UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C 20688
July 12, 1991

Ms. Sylvia Pippin
34 Williams Street
Shelburne Falls, Massachusetts 012370

Dear Ms, Pippin:

1 am writing in response to your letter in which you expressed concerns about the
Yenkee Rowe reactor vessel discussed at the public forum held on June 25, 1991.

The U.S, Nuclear Regulatory Commission (NRC) staff has evaluated the Yankee Rowe

, vessel issues and “as determined that the vessel condition continues to provide
adequate protection of the public health and safety. On August 31, 1980, the NRC
staff issued a safety assessment of the Yankee Powe reactor vessel (copy enclosed)
and concluded that there was reasonable assurance that the facility could be
operated for an additional operating cycle, currently expected to be completed in
early 1992,

On June 4, 1991, the Union of Concerned Scientists (UCS) and the New Ergland
Coalition on Muclear Pollution (NECNP) petitioned the NRC, pursuant to the
provisions of Section 2,206 of Title 10 of the Code of Federal Regulations

| (10 CFR 2.206), to immadiately shut down Yankee RPowe, Ey letter of June 25,

| 1991 (copy enc{osed), the Director of the Office of Nuclear Reactor Regulation

| responded to the Petiticners, stating that the NRC staff had found that the
Yanree Rowe reactor vesse! does not pose an undue risk to tre public health and

| safety. Accordingly, the Director determined that Petitioners' concerns did

; not warrant immediate action to shut down Yankee Powe, Consistent with

10 CFR 2.206, the NRC will further address the specific issues raised by the

Petitioners and the staff is preparing the detailed response,

I want to emphasize that the Commission has made no decisions regarding operation
of the Yankee Rowe faciiity after the completion of the current operating cycle,
| The NRC staff will review the substantial technical data to be provided by the
3 licensee and will evaluate the results of inspections to he conducted during
the refueIing outage before making a decision as to what actions will be
necessaiy before allowing further operation, This decision will be totally
independent of any actions regarding license venewal for the Yankee Rowe facility.
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Ms. Sylvia Pippin -2 - July 12, 1991

The Commission held a meeting on July 11, 1991, at its Rockville, Maryland,
office to discuss the reactor vesse) 1ssue. In addition, the staff will
condurt a gubl1c meeting with the licensee on July 22, 1“91, at 7 p.m,, at
the Rowe Elementary Schoo) in Rowe, Massachusetts, F011ow1ng the meeting,
the public will be afforded the opportunity to address their questions and
concerns to the NRC staff,

Sincerely,

Original signed by Susan f.Shankman for
chard H, Wessman, Director

Project Directorate 1.3
Division of Reactor Projects - 1/11
0ffice of Nuclear keactor Regulation

Enclosures:

1. Safety Assessment
dtd £/31/90

2, Ltr to D, Curran fm 7. Murley
dtd 6/25/91

¢c: Mr, George Papanic, Jr,
Senior Project Engineer - Licensing
Yankee Atomic Electric Company
580 Main Street
Bolton, MA 01740-1398
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g I Enclosure 1
¢ 5 UNITEDSTATES

§FNed % NUCLEAR REGULATORY COMMISSION
3 a ¥ ‘ WASHINGTON. O €. 20888
WX }
N - :
$re00 AUG 3§ 1990

Docket No, 50-029

Or. Andrew C, radak

President and Chief Operating Officer
Yankee Atomic Electric Company

S80 Main Street

Bolton, Massachusetts 01740. .38

Dear Or. radak:
SUBJECT: YANKEE ROWE REACTOR VESSEL

By Tetter of July 5, 1990, you submitted for staff review the report, “Reactor
Pressure Vesse! Evafu|t1on Report for Yankee Nuclear Power Statfon.* This
report was in response to our letters of May 1, 7, and 15, 19%0, Because of

our concerns regarding reactor vesse! integrity, we requested inforration

that was needed to assess the effect of vessel operating temperatures, belt)ine
material chemical composition and material surveillance test resylts. These
concerns can affect the conclusions of previous NRC revievs of vessel integrity.
Those previous reviews considered postulated Low Tempersture Over Pressurization
(LTOP) events, Pressurized Thermal Shock (PTS) events, and low frradiated

Charpy Uppe= Shelf Energy (USE).

In your July §, 1990, submitta), you stated that the RTNDT values for reactor
vessel plate and weld metal for tne years 1930 and 2000, are below the screening
criteria of 270°F and only slightly above the screening criterfa for the year
2020, Additiomal {nformstion was provided to support your statements in
numerous communications which are listed as references In the attached NRC
safety assessment report.

The staff, in its review of your submictal, has concluded that there are sub-
stantial uncertainties associated with the weld chemistry and the effects of
coarse grain plate material on the shift in _he RTNDT reference temperature.
These uncertainties couia cesult in reference temperatures significantly higher
than the screening criteria specified in the regulations, However, staff
calculations recognizing these uncertainties coupled with estinates of the
11kelihood of the occurrence of PTS events, lead us to conclude that 1t is
acceptable to o:or;to the Yankee Rowe plant unti) the end of fue! cycle 21
(approximately February 1992).

Although your July §, 1990 submittal did not consider LTCP events, the staff
has evaluated this scenario based upon additional information provided by your
staff. We consider that the systems and grocoduros fmplemented at Yankes Rowe,
dlong with estimates of vessel conditiona probability of fatlure provide
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Or. Andrew C. Kadak AUG 3 { 1990

sufficient assurance that the prodbability of an LTOP gvent
vessel fatlure 1s sufficiently low to permit
- -

Lycie.

leading to dritele
continued operation for an ddditiona)

In your July S8, 1990, submittal, you stated that after performing an additiona)
analysis using the ASME Sectio~ X! methodology the USE calculated for the
Yankee irradiated plate and weld are 35 ft-1b and 40 ft.1p respective .

Paragraph IV.A.1 of Appendix G, 10 CFR 50 states that
materials must have USE throughout the
SO ft-1

reactor vesse! beltline
1fe of the vesse! of no less than

, unless 1t 1s demonstrated fn & manner 4pproved by the Director,

of Nuclear Reactor Regulation, that lower values of upper shelf energy
will provide margins of safety agafnst fracture cquivalent to those required by
Appendix G of the ASME Code. According to staff calculations the USE for

the Yankee Rowe vessel could de as low as 35.5 ft.lp. Your USE analysis
indicates that the reactor vesse) with 3% ft-1d Charpy USE Mas marging of
safety agafnst fracture, equivalent to those in Appendix G of the ASME Code
a5 required by the regqulations. The staff has reviewed your analysis and
considers that it s acceptadle to operate the Yankee Rowe reactor vesse!l
until the end of fuel cycle 21 with 35 ft.1b Charpy USE.

-~ ‘ -
ffice

Ouring a meeting on August 21, 1990 you agreed to provide us within 60 days =/
the meeting date, a proposed plan to address the uncertainties noted “a2rgin.
The enclosed staff safety assessment addresses these uncertainties fn detai).
For Yankee Rowe to continue to operate beyond the next operating cycle, we
stress the need for you to reduce the uncertainties in the various elements
affecting reactor vesse) integrity. Your plan should fnclude any appropriate
procedural changes, technical specification changes, and sampling and physical
tests to ascertain the chemical and physical properties of reactor vesse! lowar

plates and welds. The staff concludes the following actions should be included
in your plan:

Long Term Actions to be Completed Prior to Cycle 22 Startup

e Cevelop inspection methods for the beltiine welds and each beltline
plate frcm the clad to 1 inch from the clad/steel interface to determine
if the metal contains flaws.

Perform tests on typfcal Yankee Rowe base metal (0.1§-0.20% Cu) to
determine the effect of irradiation (f « 1.5£19 n/cm ), austentizing
temperature (1650°F-1800°F) and nickel composition (0.18-0.70 psrcent)
on embrittlement &t S00°F and S50°F {rradiation temperatures.

3. Determine composition of the Circumferentia!l weld wetal in beltline by
removing samples from the weld,

In addition, prior to Cycle 22 startup, you should install surveillance capsules
'n accelerated irradiation positions. The capsules are to include materials
representing the beltiine cirqumferentia)l weld metal and upper and lowar plates.




Or. Andrew C. Kadak T AUB § 1 159

In addition, YOU 4150 agreed to the following:

ks ;;ggncc caleulations Prepared by wWestinghouse wil) be provided by October 1,

2. Results of peer evaluation of Yankee's Jy) 5, 1990, submitta) wil)
provided within three months, “y LWLy .

The results of the staff's review of yoyur July §, 1950, submitral are included
in the enclosed safety assessment,

Sincerely,

Thomas €, Murley, Director éi:ii;

Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: See attached



Or. Andrew C. Kadak

ce:
Thomas Dignan, Esquire
Rogos and 6r|{ .

225 Franklin Street

Boston, Mascachusetts 02110

Mr. T, ¥, Henderson

Acting Plant Superintendent
Yankee Atomic Electric Company
Star Route

Rowe, Massachusetts 01367

Resident Inspector

Yankee Nuclear Power Station

U.S. Nuclear Regulatory Cormission
Post Office Box 28

Monroe Bridge, Massachusetts 01350

Regfonal Administrator, Region I
U.S. Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, Pennsylvania 19406

Robert M, Hallisey, Director

Radfation Control Progrim

Massachusetts Dapartment of Public Health
150 Tremont Street, 7th Floor

Boston, Massachusetts (2111

Mr. George Sterzinger
Commissicner

Vermont Department of Public Service
120 State Street, 3rd Floor
Montpelier, Vermont 05802

Ms. Jane M, Grant

Senfor Engineer - License Renewa)
Yankee Atomic Electric Company
580 Main Street

Bolton, Massechusetts 01740-13%8



ENCLOSURE

SAFETY ASSESSMENT OF YANKEE ROWE VESSEL

1. INTRODUCTION

In a Tettar dated July §, 1990 from John D. Haseltine, the Yankee Atomie
Electric Company (the licensee) submitted for staff review a report entitled,
"Reactor Pressure Vessel Evaluation Report for Yankee Nuclear Power Station.*
The report was in response to NRC letters dated May 1, 7, and 15, 1990. The
staff letters requested additional information, which was needed to assess the
effect of vesse) operating temperatures, beltline material chemica) compositioh,
and materfal surveillance test results on the ‘ntegrity of the Yankee Rowe
reactor vessel. These concerns have potentia) impact on prior HRC reviews of
vessel integrity resulting from low 1r~adistec Charpy Upper Shelf Energy (USE)
and vessel integrity during postulated Pressurized Thermal Shock (PTS) and Low
" Temperature Overpressurization Events (LTOP) events,

The Ticensee's justification for operation of Yankee Rowe s that there is
adequate assurance that risk of vesse! brittle failure fs very low, This
conclusion depends upon two factors: (1) the frequency of challenges to the
vessel, and (2) the probability of vessel failure given a challenge event
(conditfonal vessel failure probability). Brittle failure challenge events
fall into 2 general categories: (1) pressurized thermal shock (PTS) events,
and (2) low temperature overpressurization (LTOP) events. For both categories
the licenses has estimated a very low probability that a vessel failure will
occur. The frequency of challenge and probability of vessel failure for PTS
and LTOP events are discussed fn Sectfon II and Section III respectively.
Additfomal information to support the licensee's conclusion was submitted in
References 12 through 23.



PRESSURIZED THERMAL SHOCK (PTS) EVALUATION

1 Systems Evaloation of PTS Limiting Events

- A AA L

For PTS events the licensee has indicated that risk contributors can be divided
'nto 3 groups: (1) steam 1ine breaks, (2) sma)) break LOCAs

< 3)

 4NQ (J)

transients. For each PTS group the event resulting in the most limiting

temperature and pressure conditions (from a vesse! fatlure perspective) is

consicered to be representative for the group. The frequency for 4 group 1s

the sum of the frequencies for each event in the group.

For PTS the staff's review focused on the following considerations: (1)

completeness of the events considered; (2) the adequacy of the therma)

hydravlic analyses; (3) adequacy of the event frequency estimates including

human error contributions; and (4) adequacy of the Timiting events selected.

"

1.1 Completeness of PTS Events Considered

In 1ts PRA submittal on PTS for Yankee Kowe, the licensee performed a
systematic evaluation of initiating events (I1Es) that could lead to primary
system overcooling coupled with primary systes repressurization. These lEs
were grouped into four major categories. Category ! 1s matin coolant system
(MCS) induced events. This category of events includes MCS - inftiated cool-
down events, cepressurization events, and injection events, with both the MCS
intact and faulted. Category II is secondary syttem induced events. This
category includes events initiated due to steam removal, feedwater flow, steam
generator blowdown, and steam/feedwater flow control abnormalities. Category
[IT 1s general transients which do not directly result fn inftial MCS cooldown
and are not related to support systems but, if followed by other system
fatlures could result in cooldown events, Category IV is events not
necessarily resulting in inftial MCS cooldown but fnvolving support tystems
which have the potential to impact other frontline systems which could cause
MCS cocldown. The licensee also reviewed the PTS evaluations for K. B.
Robinson and Calvert Cliffs performed by Oak Ridge Neticona) Laboratories to




sssure that the Yankee Rowe evaluation took into account sequences found to be
significant contributors to thermal shock at these plants, The licensee
examined the operating experience at Yankee Rowe Including all the trip logs)
and concluded that thers has never been ar overcooling event at Rowe The
plant design and the Yankee Rowe Probabilistic Safety Study were hkewise
reviewed to ‘dentify any plant unique cooldown ceq ences,

SNV
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A 9 ansients ecting PTS

Basead on system and thermal-hydraulic considerations

, each of the inftiating
events wire evaiuated and the initiators relevant to PTS concerns were

‘centified. c.2nt lre~ sequences were then developed for each event associated

with the relevant initfators concerning PTS

Support systems were treated in 4

separate auxiliary tree. Quantification of event sequences and endstates was

performed based on che system mode'ls, dependencies, and human actions,

Endstates with frequencies higher than 10°°

reactor year were selected for

potential further thermal-hydraulic and fracture mechanics analysis. Based on

Jrouping sequences with simiiar plant thermal-hydraulic behavior, this process

resuited fn the final set of initfating events deing grouped into three

categories with fwr corresponding event trees: steam |!ine breaks upstream or

cownstream of non-return valves, small Lreak LOCAs, and transients.

For each of the above fdentified four event trees, thermal-hydraulic analyses
were performed to model the spectrum of overcooling events. The transient
cowncomer temperature and MCS pressure were caliculated and bounding cases
affecting PTS concerns were identi{fied.

The licensee used the CEPAC computer code to perform scoping calculations for
the events of concern to predict limiting cooldown transients at Yankee Rowe.
Based upon pressure and temperature response a small break LOCA of 1 5/16
inches at the reactor coolant pump suction and three cases of main steamline
break were found as the limiting transients ralative to PTS concerns. These
limiting transients were analyzed in greater detai) using the RETRAN computer
code, the combination of RETRAN and EPRI models, or the combination of RETRAN




and REMIX codes. The RETRAN computer code is Cesigned 1o analyze the respe

ant systems during both normal and transient

nse

cnaitions. The licensee's
of using RETRAN for main steam line ODredk analyses was reviewed and
y the staff ticensee asserted that the CEPAC code s
mpler than code 'he CEPAC code has not been reviewed
However, transients results were not based Npon

ions. LF odel has been used for the non-stagnant f1
calvert C1y > analysis, The REMIX code was
ut offsite power 2vailable, where flow stagnation

has evaluated the adequacy of the licensee's use of REM] or the
t SBLOCA case we feel that sufficient conservatism exists
There are other corservative assumptions considered in the
lys1s such as early stagnation in the downcomer area, low decay heat,

loss of offsite power and an assumption that 8!] three traing of
L10n are injecting water to the MCS., The first three of these
dssumptions result fn minimal mixing of the cold SI water with the hot primary

system water. The fourth assumption maximizes the amount of col added

to the primary system. The result 1s a conservative (colder) water

temperature. in the main steam line bdreak cases, there are conservative

assumptions appiied Such as zery power at event initiation, ‘ow decay heat, dry

steam to the break, coincident loss of offsite power, non-return valve fatlure

’
etc. As in the SBLOCA cases these assumptiorns minimize Rixing in the primary
system and maximize primary system cooldown. The following design features

were found to be significant {n the analyses:

The charging pumps trip on a safety injection sigral. This feature helps
assure that the maximum repressurization achievadle during a LOCA or
transient that may initiate safety injection 1s limited to the shutoff

)
19).

head of the safety injection system (1550 psig)

The safety injection pumpe have relatively low capacity and a shuteff
head of 15

50 psig when HPSI and LPSI are aligned in series. When not

diigned in series the shutoff head 1s limited to 800 psig.




. There s only one pressurizer PORY. This Feduces the prodbability of 4
Stuck open PORY (relative to two PORVS) Iniciating a conldown event.

’ There fs only one turbine bypass valve, and it has low capacity, This
limits the rate of potential cooldown (1f the valve failg open),

®  The emergency atmospheric steam dump vélves have low capacity. This
1imits the rate of cooldown should the valves fail open,

. The condensate pumps trip following a steam break in the vapor containment.
4 Emergency feedwater pumps must be manually started.

' The Emergency Operating Procedures direct the operator, in response to
imminent PTS conditions, to stop safety injection pumps and low pressure '
safety injection pumps 1f there is sufficient subcooling and pressurizer.
level,

’ Although the plant has primary system l1o0p isolation valves, emergency
operating procedures only require their operation during a steam generator
tube rupture in order to isclate the faylted generator, For other LOCAs
inside the vapor containment, the operators are fnstructed to not fsolate
the break location. Isolatfon of a break could result fn significant
repressurization.

b The feedwater pumps trip on reactor scras or low suction pressure. Above
15 percent power, operators are instructed to {solate feedwater flcw by
closure of the feedwater regulating valves and the feedwater motor-
operated fsolatfon valves. These mezsures limit the chance and severity
of an cvercooling event caused by overfeed of the steam generators.

Yankee Rowe 13 also unique in the large number of ways in which water can be
suppifed to the steam generators. Among these multiple paths, a1l flow sources
however, are dwarfed in volume by the boiler feedwater pusps. Tha feedwater



control system has independent controls for each steam Jenerator such that 3
s'ngle f21lure In the control system would no *esult in overfeeding more than
one steam generator, [f another system should begin to supply additiona! water
to the steam generators e.9., the irging system), the feedwater contro)

) |
a

System would cut back on the flow from the oiler feedwater pumps to maintain
steam generator level, In view of these plant specific features and the.
nodelling 1ssumptions used by the iicensee, the staff considers that the
thermal-hyaitulic analyses

are conservative and reasonable. we note that
1ts are 2also consistent with other sim

the
'ar analyses such as the Robingon

-~

Calvert oliffs P studies.

_of Cooldown Events Threatening the Vesse)

Yankee Atomic has estimated that the frequency o
1cantly challenge the integrity of the reactor vesse! due to pressurized

- L 4

f sequences that would

be about 5 E-4 per reactor year. Small break LOCAS result in

imiting thermal hydraulic conditions of any of the sequences
Yankee Atomic estimated this frequency by partitioning the WASK-1400
reak LOCA frequency (for break sizes between 0.5 and 2 inches) based on
e of pipe segments inside the vapor containment that were between |

2

J

Inches n Interior diameter (1.D.). The limiting sequence (combination
of frequency and thermal hydraulic conditions) was estimated by Yankee to be a
LOCA about 1 5/16 inches 1.D, where the estimated sinimum downcomer temperature
was 151°F and the maximum RCS pressure after cooldown was 670 psi. This

analysis d'd not, however, take into account the possibility of the operator
violating his Emergency Operating Procedures and ittempting to isolate the

break. Such action could Tead to an RCS maximum pressure equal to the shutoff
head of the safety injectfon pumps. At the staff's request Yankee Atomic
performed an analysis of such a sequence. The l{censee concluded that 1t was
not a significant event because of the small amount of small bore piping which
is isolable, .7e frequency of & small break in any location, and the operator
training and procedures which direct operators not to fsolate breaks inside
the vapor containment.




The staff has reviewed the licensee's event frequency estimates in considers.
tion of the plant specific features of Yankee Rowe. The limiting event
frequencies are Feascaably consistent with values used in Other studies. The
treatment of human error {n the Yankee Rowe PTS PRA is judged to be conserva-
tive or non-ccnservative depending on the timing »f the error.  The PTS therma)
hydraulic analyses indfcate that srall break LOCAs give the worst combination
of Tow primary system temperature, high primary system pressure, and high'
cooldown rate. The staff belfeves that the Ticensee's estimate of 5x10°* per
reactor year as the frequency of a small break LOCA 15 consistent with the
frequency of 1:10'3 per reactor year typically used in PRAs.

11.1.4 Adequacy of PTS Limiting Events

The licensee performed a systematic review of the Yankee Rowe features in order
to identify potentia) overcooling sequences. The Ticensee then grouped the .
possible events on the basis of similarity in thermal hydraulic (TH) response;
For each group a limiting event was determined based upon consideration of
event frequency and the severity of pressure temperature corditions (relative
to vessel failure) resulting from the event. The staff concluded the events
considered are reasonably comprehensive, the thermal hydraulfc analyses,
methods, assumptions and results are reasorable. With reqard to the frequency
estimates, the most important considerations are the insensitivity to human
error and the relative frequency values. The systems failure estimates used
are considered to be reasonable because they are consistent with state-of-
the-art PRA applicatfons, The event frequencies were also found to be
relatively insensitive to human error since the limiting events would not
change significantly aven {f the human error probability (at times greater than
1 hour) changed by & factor of 100. Therefore, based on these systems, therma)
hydraulic, and avent frequency studfes, the staff concludes that there is
reasonable assurance that the limiting events have been properly identified.



I1.2 PTS Materials Evaluation

11.2.1 Background-

The Pressurized Thermal Shock (PTS) rule, 10 CFR 50.61, adopted on July 23,
1985, establishes a screening criterion that is 4 Vimiting level of embrittle.
ment beyond which operatica cannot continue without further plant-specific
evaluation. The screening criterion is given in terms of RTypre calculated as
a function of the beltline material chemical composition (copper and nicke!
contents) and the neutron fluence dccording to the procedure given in the PTS
rule, ard called RTPTS to distinguish it from other procedures for caleulating
RT"OT . The greater the amounts of copper, nickel and neutron fluence the
higher the RTNDT for the materfal and the lower its fracture resistance. The
screening criterion 1s 270°F for plates and axia! welds and J0C*F for the
circumferential weld. The rule does not consider the effect of vesse)
operating temperature and material surveillance test results on the calculated
RTPTS' The rule is currently being amended to celculate the RTPYS using the
trend curves in Regulatory Guide (RG) 1.99, Rev. 2.

The Yicensee, in response to our concerns about erbrittiement; provided the
following significant information:

1. The reported copper and nickel contents of the weld metal are now assumed
to be higher, because the actua! values are unknown, and the licensee
elected to report measurements nade for a "sister® vessel, the Belgian
BR-3 reactor, instead of previously-reported measurements for a weld in
the upper head of the Yankee Rowe vessel.

2. The nominal operating temperature is 500°F, whereas the data base for
R.G. 1.99, Rev. 2 and the PTS rule s from reactors that cperate at a
nominal temperature of S50°F. (Lower {rradiation temperature increases

RTNOT')

3. The surveillance data from the Yankee Rowe vessel, all of which date from
the Tate 196C's, show high sensitivity to neutron embrittiement, even



considering the effect of (he lower irradfation tempersture. These data
were knowd to the AEC but were discounted because the cperating tempera.
ture in the first few fuel cycles was known to be low (S00°F), and there
were coast down perfods fnvolving low operating temperature of several
mOnths curation at the end of the fuei cycles.

11.2.2 Evalvation of Materia) Properties

The deltliire in the Yankee Rowe reactor vesse) consists of &0 upper plate, a
Tower plate, two axially oriented welds 4nd one circumferentially oriented
weld, The only surveillarce data from these materfals is from the YNPS
beitline upper plate. The chemical composition and heat numbers for the upper
and lower plates are known. The chemical composition and heat numbers for the
axial and circumferentia! welds are unknown. Eighty-five percent of the
sccumulated frradiation cccurred at 2 coly leg temperature between 500°F and-
520°F. The remaining fifteen percent of the accurulated irragiation occurred:
at cold leg temperatures less than S00°F.

The staff's estimate and Ticensee's estimate of the mean value reference
temperature in 1390 for each Yankee Rowe deltline materia) at its peak neutron
flux Tocation are tabulated in Table I. The mean value reference temperature
s the sum of the unirradiated reference temnerature and the increase n
reference temperature resulting from neutron irradiation at an frradiation
temperature of S500°F. The .taff's estimate of the increase in reference
temperature was estimated for the peak neytron fluence in 1990 at the inside
surface of the reactor vessel. The peak neutron fluence s 2.3 x 10" n/cat
for the upper shall plate, 2.05 x 1019 n/ca? for the lower shell plate and
circumferential walds, and .38 x 1019 n/cmd for the axial welds. The neutron
fluences were calculated by the licensee using a methodology documented in
letters from G. Papanic, Jr. dated Janyary 22, 1986, October 28, 1986 and
February 4, 1587. The staff review of the licensee neutron fluence calculation
methodology is documented fn a letter to the 1icensee dated March 10, 1987.
The licensee is currently recalculating these fluences. The results of this
analysis will not be available before October, 1950,
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11.2.2.1 Upper Plate

The Ticensee's estimate of the increase in reference temperatyre for the upper
plate was derived from Yankee Rowe and BR-3 surveillance data, but did not
correct the BR-1 data (1rradiation temperature 525_5‘0.” to account for the
lower frradiation temperature (S00°F) of the Yankee Rewe reactor vessel, [n
addition, the licensee doubled the neutron fluence values reported for the
Yankee Rowe surveillance data. The icensee di¢ not Include the effect of
lower frradfation temperature in fts analysis because they claim that the
coarse grain size of the upper plate survetllance materia) eliminates the
effect of irradiation temperature. The licensee's coarse grain theory fis
based on an argument that frradiation-induced defects in & coarse grain
structure are more stable than frragiation-induced defects in fine grain
structuras. Since the irradfation-induced defects ire more stable in the
coarse grain structure, the licensee cenciudes that the lower frradiation
temperature of fts reactor vessel will not affect the BR-3 data. Because of
very Timited surveillance data applicadle to the Yankee vessel, the staff does
not consider that the licensee has yet substantiatled this theory,

A Tfterature survey performed by the staff revealed three reports which
indicate irradiation temperature has an effect on neutron frradiation
embrittiement. In Reference 1 (Stallman, ORNL), frradfation temperature was
found to fncrease transition temperature by 0.5 to 1.8 degree per degree
decrease in frradfation temperature from S50°F, for & heat of A 533.8 plate
(the 02 plate from the ORNL WSST program). Odette (Ref. 2) has similarly found
& factor of | degree per degree using a large data base of surveillance data.
In addition, Lowe (Ref. 3) has found about 0.7 degree per degres changs in
frradiation temperature, for Linde 80 welds. Overall, these factors are
probably dependent on the compositinm, processing history, etc. of the steel.

Although, References 1 and 2 do not specifically address coarse gratn
structures, the staff included the irradiation temperature «ffect in its
evaluation because the licenses has not presented any Charpy deta that shows
the reference temperature for fts plate material does not increase with a



decrease in irradiation temperaturs, The staff estinate of the reference
temperature includes a correction for trradfation temp
the analysis performed by Odette (Ref, 4),

erature and s based on

The licensee's estimate of the increase in reference termpearature for thoifc-er

plate was derived from Yankee Rowe and BR.3 surveillance data, but wes not

corrected for lower irradiation temperature or the increase in the amount of

nickel in the lower plate compired to the amount

in the surve!1lance plate.
The Tower plate has 0.63 percent nicke) and the surveillance plate has 0 18

percent nickel. The licensee believes G correction 1s necessary becsuse of
the postulation that the coarse grain of the plate eliminates the nicke) ang
irraciation temperature effects.

To support the corclusion that the nickel effect may be eliminated for
coarse-grain structura) material, the licensee reports the conclusions of a
Maricchiols (Ref. §) study. In this study, “"Nicke) was reported to reduce

the damage introduced by neutron irradiation up to a content of about 1.0
percent.” This study appears to contradict the results from a statistica)
analysis of commercial US reactor surveillance data. The results of the
statistical analysis of base metal surveillance data 15 reported Table 2 of RG
1.99, Rev.2, which 1s contained here 08 Tadble 2. This Table indicates that for &
particuiar amount of copper, nicke) Increases the chemistry factor, which results
N AN increase in the material's reference temperature (damage), not a decrease
85 reported in the Maricchiols study. Since the statistical analysis performed
to derive the chenistry factor in the tables in RG 1.99, Rev. 2 indicates that
there 1s & nicka) effect and the licensee has not provided any data from coarse
grain structure material that shows there s no nicke! effect, the staff
concludes there is & nickel effect.

The staff estimates that an increase in nickel from .18 percent .0 .63 percent
et S00"F frradiation temperature results in an B0*F incresse in the reference
teuperature. This value 1s based on enalysis by Odette (Ref. 4). The staff




considers that 1t 1s important in order to determine whether longer term
operation shoula be authorized to determine the effect of coarse grain for
Operating temperature and meta! chemistry

vesse ),

representative of the Yankee Rowe

11.2.2.3 Circumferential and Axia) welds

The circumferentia) weld 1s one of *he critical materials, The axia) welds

.

are not decause they are exposed o only one-sixth of the peak fluence due to

their azimuthal location relative to the core.

The licensee estimated the increase in reference temperature for the
circumferential welds using the methodology recommended in RG 1.99, Rev, 2 and
& correction factor for frradiation temperature, As discussed previously,

the chemical composition of the Yankee Rowe beltiine welds 13 not known. The '
Ifcensee used the chemica) composition of a BR.3 weld to estimate the increase

in reference temperature resulting from neutron {rradiation. The licensee

believes that the amounts of copper (.183 percent) and nicke! (.70 percent),

reported for the BR-1 wels may be used as estimates for their welds because
the BR-3 weld and Yankee Rowe belt)line welds were fabriceted by the same
vendor Babcock Wilcox, using the same process \Submerged arc) and the same
procedures (copper-plated filler wire with Linde 40 f' X)., However, this
conciusion is not supported by industrial experience. The BAV Owners Group
(Paf, 6) evaluated the weld chemistry of Babcock & Wilcox fabricated Linde 80
welds. The reports indicates that the total copper concentration in the weld
metal results from o combination of the amount of copper plating and the base
filler wire alloy concentration, However, the principle source of copper in
the as depos ted weld metal is the amount of copper plata. Reference 6
indicates the amount of copper varies from heat of wire to heat of wire.

Unt{l the licensee determines the chemica) composition of the circumferentia)
and axfal welds, the amount of copper in the welds should be considered unknown
and bounding values of copper should be used to estimate the effect of neutron
frradfation on the weld metal's reference temperature.
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The staff used two bases for estimating lTNDT for the circumferential weld,
One method uses & set of dats compiled by Ocette (Ref. 4) for s00°F {rradia-
tion, which ylelds-a 370°F value for RT~°T. The other method uses RG 1.99,
Rev. 2 methodology, bounding values for copper and nickel, 0.35 percent ing
0.70 percent respectively, and 50°F for the irradfation temperature effect.
This ytelds a value of JI0°F for 'TNDY' Figure 1 (Figure ¢ from Reference

1) reports the increase in reference temperature for weld metals and base
metals (plates) at irradiation temperature of S00°F. The dashed Vine has been
ddded to represent the increase in reference temperature for the circumferential
weld using the RG 1.99, Rev, 2 bounding method with S0°F correction for the
irradfation temperature effect. Since this curve bounds al) the existing weld
gata in the Odette report, this method has been used to estimate valyes of

of reference temperatures for the circumforential and axfa) weld meta) where
the amount of copper 1s unknown and the weld metal fs subject to 500°F
frradiation temperature.

The predicted value of the reference temperatures 1n 1990 for the circum-
ferential weld and longitudina) welds are 330°F and 226°F, respectiveiy,
These values are for high copper welds., If the chemica) analyses of these
welds indicates that the amounts of copper are significantly less than 0.38
percent copper and 0.70 percent nickel, the reference temperatures will be
significantly reduced. For example, {7 the circumferential weld had 0,20
percent copper and 0.70 percent nickel, the reference temparature would be
262°F (212°F from RG 1.99, Rev. 2 and 50°F for irradiation temperature effect),
Thus, the staff considers that it is important in order to determine whether
Tonger term operation should be authorized to determine the actua) chemical
composition of the circumferential weld.

11.2.3 Summary

The level of uncertainty is higher for the estimates of 'TNDT values for Yankee
Rowe than has been encountered for other reactor vessels. Therefore, con-
sidering the uncertainty in weld chemistry and the effects of coarse grain, the
staff belfeves the RYNDT for bath the Tower plate and the circusferential weld
should be assumed to be 350°F & S0°F,
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[1.2.4 Prodadilistic Fracture Mechanics

Although the Yankeé Rowe reactor vessel beltline has not recetved any inservice
volumetric inspection, other dreas of the reactor vesse! have been inspected.
These inspections report that the welds ¢o not contain any flaws exceesing the
acceptance limits defined by 10 CFR §0.5%a and ASME Code Section XI.

In ceveloping the PTS rule, the staff used o "Marshall® distribution (Ref, 7)
of flaws. The *Marshal)* distribution, which was developed in the mid-
seventies, characterized defects in a vesse! entering service, including
defects considered acceptadble according to fabrication codes and undetected
during inspection,

The Yankee Rowe reactor vessel beltline was fabrfacted using methods and
materfals similar to other commercially operated reactor vessels except that
the clad in the Yankee Rowe reactor vessel fs spot-welded and the clad in 2l
other commercially cperated reactor vessels is fusion welded. Hence, except
for the effect of spot welding, the distribution of flaws in the Yinkee Rowe
reactor vessel should be similar to the distribution in other commerically
operated reactor vessels,

Quring the Summer 1950 refueling outage, the licensee ultrasonically examined
the reactor pressure vessel closure head and upper regions of the pressurizer,
which contained spet-welded clad similar to the clad in the reacter vessel
beltline. The staff inspector (Ref. B) concurred with the licensee's evalua-
tion of the ultrasonic data that there was no extension of previously cbserved
cladding cracks into the base metal. This inspection supports the conclusion
that postulated cracks in the spot weld in the resctor vessel beltline ¢ladding
would not progress into the base meta) due to the operation of the reactor
vessel and the "Marsha'l® distribution appears to be applicable for the Yankee
Rowe reactor vessel beltline. However, unti] the licensee performs an
inservice inspection of the beltline materfals, the conditional failure prob-
adility should be increased to account for the uncertainty in servica-induced
flaws, :



To assess the effect of cracks on the probadility of fatlure given the
occurrence of & transient event, the 'icensee ut!lized probabiifstic fracture

mechanics analysis: The staff guicance for estimating the conditional
probability of reactor vesse! fatlure is provided in Regulatory Guide 1.1¢4

Thermal and stress analyses for the vesse) wall have to be performed. [npyt

the temperature of the

.
¢, fh~s .'.'5}

~

$18 includes the primary system pressure.,

coolant in the reactor vesse) downcomer, the fluid-f{im heat transfer

coefficient adjacent to the vesse! wall, all as & function of time, and the

vesse! properties, Probability density distridbution functions for flaw size.
Crack initiation fracture toughness, crack arrest fracture toughness, and

erther the vesse)l materials nil.duct 11ty reference temperature, or the vesse)

materials copper and nicke) contents, and fast neutron fluence have to be
developed. For each transient of interest, many deterministic fracture
mechanics anralyses have to be performed to determine the number of ti the

Crack penetrates througca the vessel wall per 100,000 runs (for exam s Q
result of the stress leve), flaw size, toughness and other variablc selected
for each run. The calculations are performed with & prodabilictic fracture

mechanics computer code tased on the Monte Carlo simulation te hnique.

The licensee has performed a probabilistic fracturs “echanics analyses for
several transients. For example, the licensee perfoimed a “nsitivity study
that predicts conditional probability of reactor pressure vessel failure 1s

approximately 1077 given the occurrence of a 1.3 inchediameter small bresk

LOCA event, which they believe is the controlling event, and for the roferenca
terperatures reported in Tadble 3. The reference temperatures used by the
licensee are similar to the values estimated by the staff except for the lower
plate. The conditional failure probability for a small break LOCA event for
the lower plate with & reference temperature of 325°F 1s less that 10'5, This
plate has a Tow conditional failure probability at these Nigh referencs tes-
peratures because only a small portion of the plate s ‘n the beltline region.
Considering the results from the 325°F reference temperaturs analysis, a mean
value of 355°F should not significantly change the conditional failures
probability.
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Whan evaluating the results of the licensees sensitivity study one must cone
sider the assumptions ysed in the dralysis, The licensee Sssumed a “Margrg)*
distridbution of flaws and that cracks would arrest dccording to the average
Crack arres: data (Ref. 9). The flaw density distribution function used by the
licensee may not be representative of the Yankee Rowe FeaCtor vessel because of
115 unigue spot cladding on the inside surface of the reactor vessel, I} also
dppesrs that the licensee's aralysis may not have sdequately accounted for the
Tow upper-shelf energy of the vessel material which affects the "arrest* of
initiated cracks. Given these apparent ceficiencies and others that have been
noted to date, the staff does not dccept the licensee's estimate of the congf.
tlonal failure probabilfty of the reactor pressure vessel. The staff and ftg
contractor are continuing a detailed review of the licensee's analysis, The
review of this aralysis should be completed by the end of October 1990. The
results of this review will be irportant in cetermining future action in '
connection with this license. In view of these uncertainties the staff s
unwilling to accept the licersee estimate of conditional vessel failure prob-.
ability of 1x10°3 given a specific size small break LOCA, In the meantime the
staff judges 1t would be prudent to assume the conditiona) probadility of
reactor pressure vessel's fatlure to be in the range of 10'1 to 10'2 .

11.2.5 PIS Conclusions

As discussed above, the staff concludes that there are substantial uncertain-
ties associated with weld chemistry and the effects of coarse grain plate
material on the shift {n referencr tzanerature, These uncoruinu
result in reference temperatures significantly higher than the screening
criteria specified in the regulations. Recognizing these uncertainties, the
staff concluded that a more conservative range of conditional failyre prod-
apility (by a factor of 10 to 100 relative to the licensee's estimate) was
appropriate. This range when coupled with estimates of 11kelfhood of the
occurrence of PTS events and consideration of the plant specific features at
Yankee Rowe important to such events, leads the staff to conclude that opera-
tion until the end of fual Cycle 21 s dcceptable from PTS considerations.
However, additional {nformation to resolve thess concerns {is needed to
determine whether to authorize longer term operation,
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ITT. LOW TEMPERATURE OVERPRESSURIZATION (LTOP)

IT1.1 Systems Evaluation

In addition to the PTS events described above, another ¢lass of transients
that could fnduce fracture in a brittle reactor vessel beltline are low tem.
perature overpressure (LTOP) everts. These events could occur during plant
heatup when pumps are befrg started and there are possibilities for the mis.
alignment of valves and controls following maintenance operations. The
occurrence of such events nas led to requirements comprising a low setpoint
relief valve and contro! circuitry as descridbed in NUREG/CR-5186, (Ref. 10).
For LTOP considerations analyses are divided Into two general categories: (1)
mass (water) addition events and (2) energy addition events, In fts July §,
1990 submittal the licensee presented analyses of such events for the Yankee
Rowe plant., The analyses were based upon industry wide historical data on LTOP
events from 1980-1986 adjusted by consideration of Yankee Rowe specific
features. The licensee concluded that the likelihood of vesse! challenges from
LTOP events was very low.

The staff review in this area emphasized the plicability of Nistorfcal data
to Yankee, impact of Yankea specific LTOP system features; and administrative
controls used to minimize human errors.

1ii.2 LTOP Event Freguency

For LTOP analyses the licensee used the method and data described in NUREG/
CR-5186 (Ref. 10). Features important for Yankee relative to the genaric data

base are:

Feature A: The RHMR (Shutdown Cooling System) at YNPS is z dedicated systes
which 1s different from most plants, The system is connected to the Main
Coolant system through dual fsolation valves. The suction to the Shutdowm
Cooling pump 1s from the #4 cold leg loop. There are two pumps and heat
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exchangers for redundancy. There is also a relief valve on both the suctf n
&nd raturn 1ines for overpressure protec+iyn,

Feature B:  The PORY (in the low setpoint condition) and the shutdown cooling
relief valves are required to be operable by Technica) Specifications whenever
the plant is in the Modes 4 and § and the system temperatyre is less thd;
J0C°F. The shutdown cooling relief valves are tested when the plant 1s
operating in Mode 1 and the shutdown cooling system is required to be 1s0lated.
The PO'Y fs tested when the plant 1s in Mode 6 with the reactor head removed.

Feature C: Plant procedures require that power be remcved by locking out the
breakers for the Main Coolant pumps and the Safety Injection pumps prior to
being in a water solid condition, Power fs removed from SI pumps below 200°F,
Feature D:  The safety relief valves of the shutdown cooling system cannot b;
dutomatically fsolated once the system is placed into operation because the
system isolation valves do not have any automatic fsolatfon capability,

Feature E: During water solid condition operations, a dedicated operator is
stationed to prevent or terminate any pressure excursion.

During operation below 300°F, 2 shutdown cooling relfef valves and | PORY are
available to mitigate LTOP events. In this temperature range, and with no
credit for human intervention during an event, the licensee estimate of vesse!l
challenge event frequency (events where mitigation systems fafl) {g ¢.sxxo"
per reactor year. NUREG-5186 reports a frequency of 2.5:!0" per reactor year
using ganeric data. The difference is attributable to 2 factors: (1) the
availability of an additional relfef path at Yankee relative to generic data
assumptions; and (2) a power lockout requirement for MCP and SI pusps at Rowe
whi~h precludes energy additfon events such as were reported in the generic
data base.

The staff judges that the specific features of Yankee Rowe would reduce the
I1kelthood of the vessel challenges from LTOP events in the operating range
when the PORY is reset to the lower setpoint and the SOC system SRVs are
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avatladle. An event frequency of !xlO'J Per reactor year was therefore chosen
85 2 conservative screening value to assess the importance of LTOP events in
this temperature range relative to PTS events.

Between 300°F and 330°F the SDC system is solated, and above 380°F sng 450
psig the PORY is reset to 2500 psig. For all temperatures greater than 180°F a
pressurizer bubble fr required. In the range of 300°F to 4S0°F o CQdic;toc
cperator is required whose only responsibility is LTOP protection (by
maintaining a 400 psi margin to cthe Appendix 6 curve). Power 15 also removed
from 2 of 3 safety injection pumps at these conditions &nd a1l SI pump switches
mst be in pull to lock., Inadvertent S! (which could cause a marimum pressure
of 1550 psig) would therefore require a ourtous SI signal plys fatlure to have
the SI pumcs 1n pull to lock. In addition, the auto safety injection signal is
blocked unt: | 1800 psig. The licensee concluded that the most probable LTOP
challenge in this range (T greater than 3C0°F) fs a charging/letdown nismatch,
A charging/letdown mismatch involving all 3 pumps could allow 100 gpm injec- .
tion. This rate would allow 10 minutes for operator action to preclude viola-
ticn of the Appendix G curve in the event of a PORY failure to open. However,
even without crecit for operator action, the licensee's frequency estimate for
an event that would challenge the vesse) s about 1:10's per reactor year,

This estimate assumes a PORY failyre rate of about 10'1 per demand, a mismatch
frequency of lO'2 per reactor year, and the fraction of time the plant would be
operating in the temperature range per year (6 hours in 600 shutdown hours) or
10°% per reactor year,

In view of the licensee's analytis and the historical data regarding chailenges
to systems with a pressurizer bubble and PORY (zero events), the staff
considers that the screening value of 1:10'3 per reactor year discussed above
for LTOP below 309°F 1s also conservative in the temperature range above 300°F,

Above 3B0°F and 450 psig the PORY {s reset to 2500 psig. However in this
range the vessel temperature is high enough that brittle fracture is of
negligible concern,



I1.3 LTOP Materfals Evaluation

The licensee did not giscuss materials aspects of LTOP Events in their reports
. ’ 3 .

The staff calculated the conditiona) probabilit

J OF vesse! fracture based on
the peak pressure for the Yanke we vessel using the methods set forth in
Reference 11 and assuming &7-‘1:'. s J20°F. An LTOP pressure in the range
100C-2000 psig has a conditional prooadiiity of vessel fracture in the range
10" to 1072,

) . .
Wonc iusion

: w3
conservei ve screening value of 1x10™ per resctor vear for LTOP

Fequency and a conditional vesse! failure probabilfty for LTOP events
- "ne
o the staff concludes that PTS events are bounding for brittle
»

fracture considerations.

ENERGY EVALUATION

Reactor vessel beltline materials are required by Appendix G to 10 CFR Part S0
Lo have adequate fracture toughness. specifically, beltline materials are
recuired to have Charpy upper-shelf energy (USE) no less than 50 ft/1b
throughout the T1ife of the vessel. Otherwise, an analysis, approved by the
staff, to demonstrate the existence of margins of safety against fract re

equivalent to those of Appendix 6 of the ASME Code 1s required.

Upper-Shelf Energy Events . Materia) Evaluation

In a Tetter dated May 1, 1990, the staff informed the licensee of the results
of analyses that indicate that the USE for the Yankae Rows vessel could be as
Tow as 35,5 7t/1b. The staff specified the regulatory requirements that had to
be met for vessels with USE below 50 ft/1b and provided the USE evaluation
criteria based on current develgpments of the ASME Code. At P 3y these
criteria have only been developed for ASME Code Service Levels A and B, e.9.,
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Normal and Upset loading conditions., The staff belinves that Service Level ¢
and D, f.e., Emergency and Faulted conditions, criteria garq unnecessary
bocause, except for PTS and ATWS transients, Service Leval C and D loads W0 rat
exceed level A and B loads. PTS events dre discussed above. Win regard to
ATWS, the staff reviewed results of ATwS analyses which the licensee has
submitted in 1974, The Peak pressure estimated for a loss of feedwater A7WS
was estimated to be 2820 PSiy. Jince the licensee's Charpy USE analysiy
assumed an RCS pressure of 2437 psig the staff concludes that ATWS events are
reascnadbly bounced by the licensees USE analyses,

The licensee performed an USE analysis for Normal and Upset losding condittons,
T.e., ASME Code Service Levels A and B, using the ASME Code criteria now in
~Teparation, The ASME code criteria now in preparation will require marging of
safety against fracture equivalent to those required by the regulations, Based
01 & preliminary review of the Ticensee's thalysis, 1t appears that the '
Ticensee's analysis satisfies the ASME code criterfa fur Service levels A ard B
and provide margins of safety against fractyre equivalent to those required by
Appendix G of the ASME Code. The licensee €130 performed o Tow USE analysis
for two of the PTS transients. The effects of low USE on cruck arrest wil)
a1so be considered in the PTS enalysts beiny evaluated by the staff‘s
contractor,

V. CCNCLUSION

In order to address several NRC concerns with respect tc the requirement for
rescior vessel fracture toughness for pro‘ection against pressurized thermal
shock events, the Yankee Rowe licensee has provided an analysis of the
potential events leading to a challenge to the reactor vessel. That analysis
dderessed both the probability of the inftiating events as wall as the
probability of a pre-existing crack propagating through the vesse! wall., The
Ticensee also estimated the )ikelihood of chellenges to the vesse! from low
temperature overpressurization events. As discussed dbove, there arz a number
of areas in which the staff concludes that additional safety margin or con-
servatism in the analysis would be appropriate; and that additional information



to fully resolve the aress o concern 1s needed in order to determine whether
Torger term operétion shoyld be duthorized. Actions required of the licenses
during the next operating cytle are specified below. However, in the interim,
the staff concludes that reasomable assurance of the Public health and safety
Is pruvided since the potential for reactor vessel faflure is very unlikely,

Vi,

FUTURE (CTIONS

In order for the licensee to demonstrate that longer term operation can be
carried out without undue risk to the public health and safety, the licensee
should provide the NRC, within 60 days after restavt, a detailed plan of
action, The following elements should be included in the plan:

vi.l

1.

2.

vi.2

3.

short Term (Completed within 3 months)

Peer review of YAEC 1735, “Reactor Pressure Vessel Evaluation Report for.
Yankee Nuclear Power Station.*

Revise fluence calculations.
Long Term (Completed prior to Cycle 22 startup)

Cevelop inspection methods for the belt)ine we'ds and each beltline plate
from the clad to 1 inch from the clad/stee!l interface to determine if the
metal contains flaws.

Perform tests on typical Yankee Rowe base metal (0.18-0.208% Cu) to
determine the effect of irradiation (f « 1-5110"n/cu?). austenitizing
temperature (1650°F-1800°F) and nicke! composition (0.18-0.70 percent) on
embrittiement at S00°F and 550°F frradiation temperatures.

Determine composition of the circumferential wald me%a) in beltline by
remoying samples from the weld,
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In addition, the 1icenses shou'd instal) survet)lance capsules in accelerateq
frradiation positions, The capsules dre to include materials representing the
beltiine circumferentia) weld Trtal and upper and lower plates.
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: w I NUCLEAR REGULATORY COMMISSION
8 W ' WASHINGTON D C 20866
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Pocket No. %7.029
(10 CFP Section 2.206)

Diane Curran, Esc.

Harmon, Curran, Gallacher § Spielberg
2001 § Street, N.w.

Suite 43

washington, D.C. 20009.112%

Dear Mg, Curran:

1 am writing to acknowledge receipt of the “Fetition for Emergency Enforce-
ment Action and Request for Public Hearing" (Petition) submitted by you on
behalf of the Union of Concerned Scientists ard *he New Englane Coalition on
Nuclear +.  luticr (FPetitioners). On June 6, 1591, the Petition was submitted
directly te the Commissioners of the U. S, Nuclear Regulatory Commission
(NEC). The Petition was filed in accordance with Section 2.206 of Title 10 of
the Code of Feceral Regulations (10 CFR 2.206) and thus should have been filed
with the Executive Director for Cperations, However, the Pet‘tioners seek
relief directly from the Commissiorers because they believe that the NR( staff
has failed to properly execute 1ts responsibilities in this matter in
permittine the Yankee Rowe Nuclear Power Station to continue to operate
through Cycle 21 (approximately February 19%2). The Petition has been
referred to me for treatment urcer 10 CFR 2.206.

The Fetition seeks the immediate shutdown of the Yankee Rowe facility of the
Yankee Atomic Electric Company (licensee) based upon allegations that the
Yankee Rowe facility 1s operating ir violation of NRC requirements for reactor
pressure vecse' integrity and that the NRC staff's Safety Assessment of August 30,
1990, cortaing a number of deficiencies. The Petitioners argue these reasons
prove that the continued operation ¢f the Yankee Rowe faci ity poses a serious
threat to public health and safety. The Petitioners further request that the
Yankee Fowe facility remein shut down until it complies with regulatory
recuirements and that the Commission provide a public hearing, with rights of
discovery and cross-examination, to determine the regulatory compliance before
permitting the facility to ~:sume operation,

The Petitioners allege specifically that the Yankee Rowe reactor pressure
vesse! failed to meet NRC requirements, The Petitioners argue that the Yankee
Rowe facility does not comply with the requirements in 10 CFR 50.61 regarding
reference temperature for reactor vesse) material, the recuirements in
Appendix C to 10 CFR Part 50 regarding fracture toughness and the require-
ments in Appendix W to 10 CFR Part 50 regarding a survei)lance program for
reactor vessel material,

. ‘«"v"’,j rd
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On August 31, 190C, the NRC sta’f issued 1ts “"Safety Assessment of Yankee Powe
Vesse'" [(Safety Assessment) concluding that the Yankee Rowe facility could
operate safely through Cycle 21. The Petitioners make specific a)legations
that the NRC staff's Safety Assessment {5 deficient, The Petitioners argue
that the Safety Assessment cortains errors and insufficient information in the
sssumptions underlying the calculations regarding the amount of neutron
irradiation absorted by the reactor vesse)l, the temperature of the metal during
the time 1t 15 exposed tO reutron irradiation and the chemical compositicn of
the metal), Ir aggition, the Petitioners argue that the Safety Assessment 1g
frcersistent with the NRD policy on Safety Goals and that 1% failed to take
into account the explicit recommendation of an NRC staff exgert on reactor
pressure vesse) integrity that the Yankee Rowe facility not be permitted to
operate.

The Petition presents no new information in regard to the integrity of the
reactor vetse) at the Yankee Fowe facility. The Petitior expresses disagree-
mert with the LEC sta’f's conclusions reacred in the Safety Rssessment that
the Yankee Powe facility was safe to operate through Cycle 2. The NRC staff
has reviewed the Petition arc ¥ found no new informaticr that weuld call
inte question the conclusions o ed in 1ty Safety resessment. In making the
Safety Posessment, the staff co ered the views of NRC staff expert

Dr. Farce') as dig the Advisory 71ttee ¢r Peactor Safeguards (ACRS) which
reported faverably regarding cor' yeC operation of the Yankee Powe facility,
(Cee ‘etter of Septermber 12, 195, from ACRS, Enclosure 1.) The assertion that
continued cperation of Yankee Pow  constitutes a serious threat to the public
health and saety because of the svr alleged violations of NRC requirements s
without merit for the following reasons.

The Petitior drcicates that the refererce temperatures for the upper plate,
the Tower plate, ard the circumferentia’ weld exceed the screening criteria
for pressurized thermal shock (PTS) 1n 10 CFR S0.61(b)(2). The licensee, &5
documented in Report YAEC heo, 173%, July 1980, reports that the reference
terperatures are below the PTS screening criterion, However, the NRC staff
believes the PTS screening criterior may nave been exceeded. That belief is
based on conservatively consigering the uncertainties associated with weld
chemistry, frragiation temperature, ¢rain size effects and flaw distribution as
noted in the NFC staff Safety Assessment transmitted to the Yicensee by the
letter of Rugust 31, 1960, 10 CFC 50.€) does not require shutdown if the PTS
screening criterion is exceeded. The NPC may, as specified in 10 CFC 50,61
(b)(8), on & case-by-case basis, approve operation of the facility at values
of reference temperatures ‘n excess of the PTS screening criterion, The ryle
recuires the staff consider factors sigrificantly affecting the potential for
fatlure of the reactor vessel includino the results of a probabilistic fracture
mechanics analysis in reaching a decision to approve operstion., The NRC staff
also believes that the reference temperatures for axial welds in the upper and
lower plates mey 2150 exceed the PTS screening criterfa, as indicated in the
October 9, 1850, memorandum to ACRS (Enclosure 2). The NRC staff requested
the Yicensee to perform a probabilistic fracture mechanics analysis using
corservative values of reference temperatures for PTS specified by the
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staff,  Those reference temperatures exceed the screening criterion, The NRC
staff reviewed the results from the probabiistic fracture mechanics Jnalysis
end consigered the uncertainties resulting from Yow upper-shelf energy [USE)

of the vessel materials, the Yack of be'tlire inspection, and the reactor
vessel's untoue spot-uo§dcd cladding. Therefore, the NRC staff judged i1t to be
prudent to assume the conditiona’l probadbility 03 reactor pressure vesse) failyre
to be ir the range of 1001 to 1CE-2 and the estimated frecuency of the limiting
PTE transient t0 be 1003 per reactor year. Based or this assessrent the NRC
staff authorized the 'icensee to operate the Yankee Rowe reactor vesse' unti)
the end of fue) (ycle 21,

The Petition ingicates tha* the Y¢ vee "owe vesse) upper plate is telow the
reculatory requirements f.. Charpy USE 1n 10 CFR Part 80, Appendix G, Section
IV.B, 1, FWowever, Appendix G a'so incicetes (1) that reactor vessels may be
cperatec 2t lower values of Charpy USE, 14 operation 1 approved by the
Cirector, Office of Nuclear Reactor Fegulation, and (2) that lower values of
Charpy USE provide marging of safety acainst ‘racture that are eauivalent to
thote recuirec by Appendix G cf .ne BRSME (ode, The Yicersee provicec a
‘racture machanics analysis in Report YAEC No. 1728, July 1990, to demonstrate
that the Yankee Rowe reactor vesse! wou'ld have eauivalent margins of fracture
toughness to those required by Apperc s C of the ASME Code with a Charpy USE
of 3% foot-pourés. In its August 31, 1880, Safety Assessm.ots, the NRC staff
reviewed the licensee's aralysis anc approved the operation of the Yankee Rowe
reactor vesse! at levels of Charpy USE less thar the limits in Section

Iv.B. Y. of Bppencix G to 10 CFR Part 80,

The Fetition elleges that the NRC staff's Sefety Assessmert ¢id not consicer

the revised neutron flyence estimates, the vesse) opirltin? temperature, and

the vesse! compositior. The licensee revisecd 1ts neutron fluence estimates in
‘etters of September 28, 1980, and February 20, 1991, The NRC staff evaluated

the revtron “Yuerce estimates reportec in the September 28, 198(C, letter and
docurerted its findings in the October 9, 1590, memorandum to ACRS (Enclosure

2), The peah reutron flyence estimates for the end of the currert cycle ((ycle 21)
reported in the licensee's February 20, 1891, letter are less than the values
repcrted r its September 28, 1980, letter, Herce, the corclusions in the

Octcter &, 1990, NRC staff memorandum 2pply to the end of the current fue!)

cycle. In preparing the Safety Assessment of August 31, 189C, the NRC staff
considered the effect of the reactor operating temperature and the uncertainty

in vesse! compositior that are discussed in the Petition. To account for the

low operating temperature and the uncertainty in the vessel composition, the

NFC staff increased the reference temperatures for the materials. These reference
temperatures were evaluated as discussed herein,

The Petition alleges that the NRC staff did not consider that the beltline weld
had not been inspected, had not received fracture toughness data from the licensee,
and had not reviewed the licersee's analysis, The NRC staff was aware that the
licensee has not volumetrically examingd the beltline welds in the Yankee Rowe
reactor vesse! since the plant began operating, Therefore, the NRC staff in

its protabilistic risk assessment assumed that flaws existed in the reactor

vesse! plates and beltline welds in order to account for the uncertainty
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r.sbitirg from the Tack of volumetric examination, In Report YAEC No, 173f,
July 1650, the licensee provided fracture toughress data and an analysis to
demonstrate equivalent marging to Appendisx G &5 noted herein, The NC staff
reviewed the data and analysis and provided 1ts Safety Assessment in the
Tetter 5f August 31, 1960,

The Petition asserts that the NEC staff's decision to a)low the licensee to
continue to operate Yankee Rowe 15 “flatly inconsistent with the Commission's
'‘Safety Coal' Policy that the risk of a severe accident should be kept to less
than one chance in & million," The Petition indicates that this conclusion 1s
dased on the NEC staff's own calcu'atior that the risk of pressure vesse)
rupture 15 betweer Sx100.5 and SxlCE-6 and s thus greater than the Commission's
lerge release juidance of 1x100-¢ per reactor year ?that is, one in a millipn
resctor years!. The Safety Goa) 15 not, and was never intended to be, @
measure ¢f acequate protection cf public health and safety. Rather, the
Safety Goa' 15 2 higher leve! of safety that the Commission believes the
industry should strive to achieve., The Commissior's Policy Statement on
Safety Goals states the following:

Current rvegu'etory practices are be'ieved to ensure that the ba
statutory reguirement, adequate protection of the public, 15 met,

The Folicy statemert further states the following:

Thie statement of NRC safety policy expresses the Commission's
views on the leve! cf rigks to public health and satety that the
frdustry should strive for in 1ts nuclear power plants,

The NRC staff's cecisions regarding plant operation are based upon adequate
gr?tcctvon of the public health and safety, not the Commission's Safety Goa)
oitey.

The Fetition indicates that Yankee Rowe does nct have a surveillance program

¢ required by 10 CFR Part 50, Appendix H, and has not had 1ts vesse) ultrasone
1cally inspected. The licensee discussec 1ts surveillance and ultrasonic
frspaction progranm in Report YATC No, 1738, July 1990. The licensee and the

NRC staf’ usec tre data from the licersee's surveillance program to assess the
fntecrity of the Yankee Rowe reactor vesse), The beltline welds in the Yankee
Rowe reactor vesse! were volumetrically examined by radiography as a8 part of

fts fabrication quelity control., A)] flaws detected that exceeded the acceptance
criteria were removed and repaired, Although the licensee has not ultrasonis*1ly
ergmined the beltline welds since the plant has been in service, 1t has examired
cther similar welds and observed no unacceptah iz indications, lowever to account
for the uncertainty that flaws might be pre.ent, the NRC staff, in 1ts probabil-
fstie risk assessment, assumed that flaws existed in the reactor vesse)l plates
and beltline welds.,

The Petitioners make the legal argument that comg11|ncc with KRC requirements
is necessary to ensure that the Yankee Rowe facility operates safely,
Fowever, the failure to comply with 2 particular NRC requirement does not
necessarily rean tha, there 1s no longer reasonsble assurance of adequate
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protection of the public health and safety, particularly when the NRC staf’ hae
evaluated the area of alleged noncompliance and found that i1t coes not pose an
UrcLe risk to the public health and safety, The NRC staff has evaluated the
Yorkee Rowe reactor vesse! 1ssues carefully ard has concluded that the vesse!
congition continues to provide adequate protection of the public health ang
safety. Ir summary, the Fetitiponer's assertion that the d17eged violations
warrant fmreciate action t0 shut cown Yankee Powe 1§ without merit,

Peeerdingly, Fetitioners request for emergency relief is denied. As requi
Y ‘ Quired
by 10 CFE ¢.206, the NRC wil) address the specific 1ssues raised in the
Petftior within a reasonstle time. Enclosure I 15 & copy of the Notice that
s being filed with the 0ffice of the federa) Pegister for publication.

Sincerely,

T onan 7M\

Thomas £, Murley, Cirector <:-J
Cffice of Muclear Reactor Segulation

Erclosures:
1. Letter *¢ K. ¥, Carr fm the ACRS, 10/9/80
2. lemo to Committee on Reactor
Safeguards, 10/05/5C
3. Pelatec Federal Register Notice,

¢e: Mr, George Paparic, Jr.
Dr. Ardrew (., Yadak
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B/ pt - L ROV REACT PRESSURE VESSEL INTEGRITY
LUring the JEIth reeting ¢f the Adviscory Committee on Reactor
Safeguards Septenber 6-7 19%¢C wve discussed the degree and

crnseguences ef the yankee Fowe rsactor pressure vesse.l
erZritt.erment 4due to neutron irradiation. Our Subcommittee on

\ Materials and Metallurgy discussed this matter with representatives

of ne NEC staff an2 the Yankee Atomic Electric Company during a
rmeeting on Septerber ¢ 199 e ais® had the benefit of the
gosuments referenced

t has recenti ome to the staff's attention that the reference
terperature nil ductility transition (RT,.) of parts of the Yankee
Rcwe pressure esse. may substantially exceed the texperature
iimits for acticon delineated in the pressurized thermal shock (PTS
ruie 1 -4 - P The ma

reason 1s that tiae Yankee Rove core
i8S about SO°F lowver than that of other plants

- igher nickel content of the lover vesse)
piate .lese increase the rate of rise in RTgpy With fast neutron
irradistion
The exact value of Riypy fOr the vessel is uncertain because of:
¢ Uncertainty in the copper and nickel content ¢f the

circunmferential wveld near the reactor vessel beltline.
&

The absence of surveillance data for areas that appear to have
the largest shift in RT_., namely the circumferential weld and
the lover plata of the vessel. '

Assurance of vessel integrity is further hindered by:
¢ The absence of any inservice inspection for flawvs in the

reactor vesssl bDbeltline region. Such inspection has wesn
infeasible due to the design cf the vessesl internals.

¢ Relatively low toughness (low upper shelf energy) of the plate
and welds near the core.




The Honcrable Kenneth M. Carr 2 Septenber 12, 19%0

Analysis of the various safety issues involved leads to the
conclusion that PTS 1s the issue of most concern. One bright spot
in this picture i1s that several features of the plant's design maks
it less susceptible to overcooling events than more Bodern plants.

The licensee ani the staff have both arrived at estimates of the
shift in FTuv;‘ Both agree that the circunferential weld and the
iower plate of the pressure vessel have the highest RT_ .. Howvever,
AN @ach case the.ir est.rates differ by about 150°F. The licensee's
Fepresentatives argue that due to the particular sicrostructure of
Lthe steel iIn the vessel, the shift in RTypy 48 independent of
irradiation terperature and nickel content. We do not believe
these arguments are valid, and agree with the staff that
terperature and nickel effects must be included in a valid estimate
ef the shift in Riypy: An additional difference between ‘he staff
and the licensee concerns estimates of the copper content of the
circurferential weld. There being no measurenments f5r the
compesiticon of the circurferential weld and a large spread in
copper values found in other plants, the staff prefers to choose
& bounding value. The applicant chose more of an average value.
in view of the uncertainty in the value for the Yankee Rove vessel,
we would chocse the staff's bounding value.

Given that FR7,., values for parts of the vessel prebably exceed
those reguiring action under the PTS rule, is there significant
risk in operating the pilant? The low probability eof a1 PTS
challenge leads to a low risk, even with a high RTypy: Thus, we
agree with the staff chat cperation for one more cycle is
acceptable, provided the licensee initiate an active program to
better characterize the material in the vessel near the rsactor
vessel beltline. To do this the staff reguires determination of
the corpesition of the circumferential wveld metal in the beltline
by removing sarples from the weld and development of an inspection
method for the beltline welds and plate to depths of an inch balow
the inside surface of the vessel. Both of these have been reguired
by the staff for completion be‘ore the startup of the 22nd fuel
cycle (now scheduled to begin in early 1992). It is not clear that
both can be achieved in that time, but certainly they should be
accorplished in two fuel cycles.

Tne staff alsc reguires "tests on typical Yarkee Rowe base metal”
to determine the effect of irradiation, asustenitizing temperature
and nickel content on embrittlement. It is doubtfu! that any tests
that the licensee could perform during the next fuel cycle would
convince us that the effects of terperature and nickel on
enbrittlement are substantially different fromz those established
by the much more extensive studies already avai'able. The effects
are not well understood, and we believe prudence dictates tending
pore toward hounding values rather than best estimates based on
limited nev data that may become available.



The Honorable Kenneth M. Carr k| Septenmber 12, 1990

Hovever, the above will not adeguately address the long-term
cperaticon of the plant. This is the lead PWR plant in the
industry's Plant Life JIxtension (PLEX) program, and long~term
Operation with such large uncertainties in vessel integrity f{e
unacceptable, The extended operation of this plant voulz be
acceptable only if:

¢ A state-cf-the-art wultrasonic {inspection can be done on
essentially all of the radiation affected inner surface of
FeACTIOr pressure vessel, ¢.g., one that conplies vith Appendices
VIl and VIII of Section XI of the ASME Code. This inspection
should also check for significant thinning in the lover head as

& result of locse parts (irradiation capsules). Continued
cperaticn would be dependent on the absence of significant
flavs.

¢ A rearalys.s cf the PTS guestion is made using well established
Corpositicns for the material in the beltline region, eor using
limiting values of copper and nickel. This analysis should also
inciude the fact that the crack arresting ability eof such
raterial will be lower than rmore modern steel because of its low
Upper shelf energy. Such an analysis must show acceptable risk.

Sincerely,

Faty & Wlockidan.

Carlyle Michelscon
Chairman

Eelerences:

1. Letter dated July 5, 19%0 from John D. Haseltine, Yankee Atomic
Electric Company, to Richard Wessman, NRR, transmitting Reactor
Pressure Vessel Evaluation, dated July 9, 1990

2. Letter dated August 31, 1950 from Thomas E. NMurley, NRR, to
Andrew C. Kadak, Yankee Atomic Electric Company, Subject:
Yankee Rowe Reactor Vesssl, with Enclosure
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MEMORANDUM FOR: Raymond F. Fraley, Executive Director
Advisory Committee on Reactor Safeguards

FROM, Thomas €. Murley, Director
0ffice of Nuclear Reactor Regulation
SUBJECT: VANKEE ROWE REACTOR VESSEL INTEGRITY

Thank you for permitting the NRC Staff L0 @1scuss with the ACRS Subcommittes
On Materials and wetallurgy fts assessment of neutron radlation emoritt lement
of the Yankee Rowe reactor vesse!, In their letter to Chatrman Carr, dates
September 12, 1990, the ACRS egreed with the staff that even with o high

RT ovs ODRFAtION for One more Cycle 15 acceptadble, provided the Ticensee
1n'€‘otos 4N acCtive program to better characterize the material) in the resctor
vessel beltiine. The NRC staff and the licensees are discussing and planning
SuCh & program,

In 4 Tetter dated September 28, 1990 (attached), the licensee reported
preliminary results of 1ty recalculation of the neutron fluence for the
Feactor vesse!l deltline, The licensee reported that the neutron fluence at
the peak flux location fncreased by 12 percent and the value ot the mintmum flux
location increases by approximately 300 ercent. As 4 result of the increase
'n neutron fluence, the v=per axia) shel) weld becomes the 11.1t1n‘ naterial,
with respect to PTS, and the cgneitional faflure probability cajeu sted,using
the VISA 11 Code 18 2.75 x 10°%, This 15 within the range (10°* to 10°°)
estimated by the staff in 1ts safety assessment of the Yankee Rowe resctor
vessel, The Vicensee wil) submit final fluence values and & revised PTS
andlysis by November 30, 1990, we will keep you informed on a1 integrity
Tssues affecting the Yankee Rowe reactor vesse).

Thomas £, Murley, Director
Office of Nuclear Reactor Regulation

Enclosure:
As stated
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United States Nuclear Repulatory Commission September I8, 1550
Attention: Mr, Willilam xursell Page !
SYR S0=[28

Safety _ssessment

A safely assessment was performed to determine the effects of the
preliminary updated fluence values on previous PTS analyses. The assessment
first determined the 1990 reference temperatures for the beltline materials.
Men, using these reference temperatures, PTS fracture mechanics analyses were
performed for each material to obtain their conditional failure probabilities.

The reference temperatures vere determined using the updated fluence
values, The method for calculating the fluences in the axial and arimuthal
directions was the same as described in Yankee's Reactor Vessel Evaluation
Report (Reference (¢)), The resulting fluence distribution is shown in
Table 1. The reference temperature values for the beltline materials were
Castulated using the methods contained in the NRC Safety Assessment.

L« Upper Flate

e reference temperature estimated by the NRC for the upper plate is
besed on a peak fluence of 2.3 x 10'Y n/em and the evaluation of

G. R, Odette. Odette estimated the shift in reference temperature to de
263'F. To be consistent with this appreach, the trend curve for Yankee
surveillance data has been increased by 60°F as shown in Figure | to
reflect & 245°F shift at & 2.3 x 10¢Y a/em fluence. Application cf the
nev fluence distribution from Table | and use of the revised trend curve,
Figure 1, results in the reference temperature distridution as shown in

Table I for the upper plate.
& Lower Plate

In the NRC Safety Assessment, the NRC estimated that the increased nickel
content in the lower plate would contribute an additional BO°F above the
revised trend curve, Figure 1, for the upper plate. Application of the
new fluence distribution for the lower plate from Table 1, use of the
revised trend curve, ard addition of BO°F results in the reference
temperature distridution for the lover plate as shown in Table 2.

o Circumferential and Axial Welas

The NRC estimated the reference temperatures for the circumferential and
axial welde uwsing Regulatory Guide 1.99, Revision 2 methodology;: bounding
values for copper and nickel of 0.35 wt.% and 0.70 wt. 1, respectively;
and S50°F for the irradiation temperature effect. Application of the
updated fluence distribution for the welds from Table 1, use of
Regulatory Guide 1.9%, Revision 2 methodology, and addition of 50°F
results in the reference temperature distributions for the welds as shown
in Table 2.

The reference temperatures for each material were input into the VISA [I
Code as bafore. The distribution of input parameters, flav density using the
Marshall distribution, flaw length, assumption of one flav per beltline
saterial, and oumber of simulations were identical to previous submittals to
the NRC.
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United States Nuclear Regulatory Commission September 28, |9%0
Attention: Me, William Russell Page &
BYR 90~)28

Additional Information

As requested by the NRC, volume and inside surface areas of the axial
velds, circumferential weld, upper and lower plates are contained in Table &,
Within 60 days ve will submit final fluence values and will revise the PTS
analysis to account for the final values.

Sincerely.,

DY saelllein

Jehn D. Baseltine
Director
Yankee Project

JDB/git/WPPI7/186
Attachments

¢et P, Sears (NRC, NRR)
R. Wessman (NRC, NRR)
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Tabie !

Flusrnes Distribution for Beltiine Meterials

Pank Fluence ot 1Y 66 E1PY 2609 emd
AZINRUTHAL YARIAT LI OBY Avisl welcs
g te 8 11*1’0!91!11'1!919'0% te 40 4D te 45 40 to 4t
Uppar Flate ]
0 te 20 0.3600 0.37% 0.3%0 0.3 0.3 0.202) o0.'87 6.7
20 te 20 .25 140 1,530 e 1,141 0.69%1 0.84) 0.6
30 to &0 1,90 2087 2.0 1.7 1,008 1.0 1.011
40 to 80 .2 138 1.408 2.0 2.0M 1.mL 1,183 1.1%3
T ot meight $0 te 80 2.0 e 2.8% . 2.188 1.1 1212 1.2
60 te M0 FI% 5 LI Y .83 .40 2.1%8 1218 v 1.1
70 te 80 2.4000 E.8500 2.000  2.4%9  2.118 1049 1,248 1,048
80 te %0 2T L .98 .M N 1.5 1,223 1.8
90 t¢ 100 23381 % &t 2.9300  2.e¥ .18 1,313 1.1 P &F 4
Cire veld .13 . 2.3 N 1.9720  1.e80  1.30% 1,200 1,108
Lower Plate T te &
0 te 10 2% A 35 A1 B 3%+ 10 1,972 1688 1803 100 1.108 1.6
% of meight 10 te 20 1.680 1.7% 1.820 1.7 1,891 1,508 1,006 0.%% o.am 0.54%
20 to 30 0.97 1.0% 1.080 1.00% 0.098| 0.7%3 0.432 0.5 0.503 0.548
3 te &0 D.'68| 0.7 0.182 .11 0.18%] 01N 0.110 0.09% 0.087 0.0%
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Teb e 2

Nean Retererwe Teoperatures Based on New Tluerce Caloviation

Poak Flumrce ot 2% .66 EPPY & 1.6 0% nyemd
AZIRNUTHAL YARIATYIOW AKiaL welgs
O to8 8 to'0 0 t9 15 % to 20 20 to 25 29 to 30 30 to 3% 38 ¢0 40 40 te &3 4D te 48
Vikme Plate
10 te 20 119 118 1 118 e - 56 e w6 17
20 19 30 3% 08 Hid | 08 197 188 n 63 18 8
30 te 40 o ar 0 w? Qe 210 s 198 .8 m
0 te 80 H0% ) I 30 M a1 s ") H13] 197 s
%ot Melgrt $0 te M0 -8 %0 Fids %0 O F31) nr % W 20y
6 ta 7 268 "0 HLH %0 H m 1 208 <00 a9
™™ e 0 %0 HiH b1 M2 6 s e 08 04 ™o
80 te 90 wT B0 bi} ] b 1] W e t 3k 208 e s
90 to 3801 2¢8 ) 8! 18 0 B0 s 208 1 20 e
Cire weid 1 32 e 16 e 308 w”r s s
1
Lower Plate - 38 15 o8
0 te 10 ne b Fd ) 32 i | 30 303 e 00 His ] LY
% of Neight 10 te 20 304 08 e 308 98 s n Y Fal ] m
20 10 30 268 hi 34 n H 4 260 it FAL] 228 7o pal)
30 tp &0 17 178 ) «iTs 178 «\%% «178 178 <174 174 %l

Note: 1o determing the reference tempersture, an (Aitial tempersture of 3OF for plates
e 0F for welCa must De SO0U TO Lhess BMAN TRTETENCE LERDRCRTUTES,



Upper Plate
Lowar Plate
Circ. Weld
Upper Axial Weld

Lower Axieal Weld

PTS Fracture Mechanics Results

Table 3

1990 Peak Fluence Peak Reference
( x 1E+19 n/cm=2) Tenperature ~F

3.

2.31

2.3

1.24

1.

2

285
388
338
300

298

Conditional Failure
Probability

2.8 E-02
6.6 E~05
6.8 E~04
2.4 E~02

2 E~05

2.7% E~02



Table 4

Volume and Inside Surface Area of Beltline Materials

Upper Plate
Lower Plate
Circ. Weld
Upper Axial Weld

Lower Axial wWeld

Volume (f£t.-3)

Inside Surface Area (in.=-2)

ild

°.

46

3

61

24

25424
9470
300
66

25
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UNITED STATES NUCLEAR REGULATORY COMMISSION
YANKEE ATOMIC ELECTRIC COMPANY
YANKEE (ROWY) NUCLEAR POWER STATION
DOCKET NO. $0-029

NOTICE OF RECEIPT OF PETITION UNDER 10 CFR 2.206

Notice is hereby given that the Director, Office of Nuclear Keactor
Regulation, acknowledges receipt of a petition filed jointly by the Union of
Concerned lcientists and the New England Coalition on Nuclear Pellution pursuant
to 10 CFR 2. 206 for emergency enforcement action against Yankee Atomic Electrir
Company's Yankee Rowe Nuclear Power Plant.

The petition seeks the immediate shutdown of the Yankee Rowe Nuclear Power
Plant which the petitioners allege are vperating in violation of the Nuclear
Regulatory Commission's standards for pressure vessel integrity. For the reasons
discussed in a letter to Diane Curran from Thomas E. Murley, dated June 25, 1991,
the request for immediate relief has been denied.

A decision concerning this petition will be addressed in » final decision
io the near future.

A copy of the petition is available for public inspection in the Commission's
Public Document Room, located in the Gelman Building, 2120 L Street, N.W.,
Washingtoen, D.C. 20555,

Dated at Rockville, Marylsnd, this 25th day of June, 1991,
FOR THE NUCLEAR REGULATORY COMMISSION

%w?

Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

PRI e d T""w——*ﬂ




