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Ms. Sylvia Pippin
34 Williams Street
Shelburne Falls, Massachusetts 01370

Dear Ms. Pippin:

I am writing in response to your letter in which you expressed concerns about the
Yankee Powe reactor vessel discussed at the public forum hrld on June 25, 1991.

The U.S. Nuclear Regulatory Connission (NRC) staff has evaluated the Yankee Rowe
vessel issues and has determined that the vessel condition continues to provide
adequate protection of the public health and safety. On August 31, 1990, the NRC
staff issued a safety assessment of the Yankee Rowe 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 Junt 4,1991, the Union of Concerned Scientists (UCS) and the flew England
Coalition on t|uclear 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 immediately shut down Yankee Powe. By letter of June 25,
1991 (copy enclosed), the Director of the Office of t;uclear Reactor Regulation
responded to the Petitieners, stating that the NRC staff had found that the
Yankee Rowe reactor vessel does not pose an undue risk to tr'e 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 en:phasize that the Commission has made no decisions regarding operation
of the Yankee Rowe f acility af ter the completion of the current operating cycle.
The NRC staff will review the substantial technical data to be provided by the
licensee and will evaluate the results of inspections to be conducted during
the refueling outage before making a decision as to what actions will be
necessary before allowing further operation. This decision will be totally

i- independent of any actions regarding license -enewal for the Yankee Rowe facility.
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Ms. Sylvia Pippin 2- July 12, 1991

-The Conunission held a meeting on July 11, 1991, at its Rockville, Maryland,
office to discuss the reactor vessel issue. In addition, the staff will.
conduct a public meeting with the licensee on July 22, 1991, at 7-p.m., at
the Rowe Elementary School in Rowe, Massachusetts. Following the meeting,
the public will be afforded the opportunity to address their questions and
concerns to the NRC staff.

Sincerely, J

Oricinal signed by Susan F.Shankman for
Richard H.- Wessman, Director
Project Directorate 1-3
Division of Reactor Projects . 1/11 i

Office of Nuclear Reactor Regulation '

,
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Enclosures:
1. Safety Assessment i

dtd 8/31/90 !
2. Ltr to D. Curran fm T. Murley ,

dtd 6/25/91 |
:
I

cc: Mr.- George Papanic, Jr.
Senior Project Engineer.- Licensing
Yankee Atomic Electric Company

,

580 Main Street i

Bolton, MA 01740 1398 j
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. Docket No.: 50 029

.

:
;
F - Dr. Andrew C. Kadak^

President and Chief Operating Officer.

Yankee Atomic Electric CompanyF

580 Main Street
Bolton, Massachusetts 01740 'J8 ,,,

]. Dear Dr. Kadak:
.

.

t
SUBJECT: YANKEE R0WE REACTOR VESSELi

s
'

By letter of July 5
1990, you submitted for staff review the report " Reactor!- -Pressure Vessel Evaivation Report for Yankee Nuclear Power Station.", This

_ report was in response to our letters of May 1,' 7, and 15 1990. Because of-
;-

L - our concerns regarding reactor vessel integrity, we reques,ted information -
that was needed to assess the effect of- vessel operating temperatutes, beltline

;

i material. chemical-composition and material surveillance test results. *[ These
concerns can-affect the conclusions of previous NRC reviews of vessel integrlty.

*

Those previous reviews considered postulated Low Temperature Over Pressurization!

(LTOP) events, pressurized Thermal Shock (PTS) events, and low irradiated[ Charpy Uppe* Shelf Energy;(USE).

L In your July 5,1990, submittal, you stated-that the RTNOT values for reactori. vessel plate and weld metal for tne years 1990 and 2000, are below the screening'

criteria of 270'F and only slightly_ above the screening criteria for the year
-

! 2020.- Additional information was provided to support your statements in
numerous cosununications which are listed as references in the attached NRC

e ,

safety assessment-report.

The staff, in-its review of your submittal,' has concluded.that there are sub-
.

i stantial uncertainties associated with the weld chemistry and the effects of4

coarse grain plate-material on the shift _in the RTMDT reference temperature.K
These uncertainties |cou sa result in reference temperatures-significantly higher
than the screening criteria specified in the regulations.- However, staff;

'

calculations recognizing these uncertainties coupled with estimates of the-
' likelihood of the-occurrence of PTS events,-lead us to conclude that it is

*'

i acceptable to operate.the Yankee Rowe plant until the end of fuel _ cycle 21
{ _ (approximately February 1992).
<

L Although your. July 5,1990 submittal did-not consider LT0p events, the staff'

has evaluated this. scenario based upon additional information provided by yourstaff.i
We consider that the systems and procedures implemented at Yankee Rowe,

along with estimates of vessel conditional probability of failure provide,

!
:
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| Dr. Andrew C. Kadak -2-
I' AUG3gjggg

sufficient assurance that the probability of an LTOP svent leading to brittle
vessel failure is-sufficiently low to permit continued operation for an additionalcycle.

In your July 5,1990, submittal, you stated that af ter performing an additional
analysis using the ASME Sectier. XI methodology the USE calculated for the
Yankee irradiated plate and weld are 35 ft-lb and 40 ft-lb respectively

Paragraph IV.A.1 of Appendix G,10 CFR 50 states that reactor vessel beltline
materials must have USE throughout the life of the vessel of no less than50 ft-1b, unless it is demonstrated in

manner approved by the Director,
Office of Nuclear Reactor Regulation, that lower values of upper shelf energy
will provide margins of safety against fracture equivalent to those required byAppendix G of the ASME Code. According to staff calculations the USE for
the Yankee Rowe vessel could be as low as 35.5 f t-lb. Your USE analysis
indicates that the reactor vessel with 35 ft-lb Charpy USE has margins of
safety against fracture, equivalent to those in Appendix G of the ASME Codeas required by the regulations. The staff has reviewed your analysis and
considers that it is acceptable to operate the Yankee Rowe reactor vessel
until the end of fuel cycle 21 with 35 ft-lb Charpy USE.

-

.

During a meeting on August 21, 1990 you agreed to provide us within 60 days 'ef
the meeting date, a proposed plan to address the uncertainties noted herein.
The enclosed staff safety assessment addresses these uncertainties in detail.
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 vessel integrity. Your plan should include any appropriate
procedural changes, technical specification changes, and sampling and physical
tests to ascertain the chemical and physical properties of reactor vessel icwerplates and welds. The staff concludes the following actions should be includedin your plan:

Long Term Actions to be Completed Prior-to Cycle 22.Startup

1. Develop inspection methods for the beltline welds and each beltline
plate frca the clad to 1 inch from the clad / steel interface to determine
if the metal contains flaws.

2. PerformtestsontypicalYankeeRowebasemetal(0.lg-0.20%Cu)to
determine the effect of irradiation (f = 1-5E19 n/cm ), austantizing )temperature (1650*F-1800*F) and nickel composition (0.18-0.70 parcant
on-embrittlement at 500*F and 550*F irradiation temperatures.

3. Determine composition of the circumferential weld metal in beltline by
removing samples from the weld.

In addition, prior to Cycle 22 startup, you should install surveillance capsules
in accelerated irradiation positions. The capsules are to include materials
representing the beltline cirqumferential weld metal and upper and lower plates,

i
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Dr. Andrew C. Kadak -.- 3- AUS 31 E
.

In addition, you also agreed to the following:
'

1. _

Fluence calculations prepared by Westinghouse will be provided by October 11990.
,

2.
Results of peer evaluation of Yankee's July 5,1990, submittal will beprovided within three months.

The results of the staff's review of your July 5,1990, submittal are includedin the enclosed safety asiessment.

Since,'ely,

M

F)hsh3cThomas E. Murley
Office of Nuclear, DirectorReactor Regulation

Enclosure: ,

As stated
'

cc: See attached

.
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Dr. Andrew C. Kadak
- ,-.

cc:
Thomas Dignan, Esquire
Ropes and Gray -

225 Franklin Street
Boston, Mastschusetts 02110

Mr. T. K. Henderson
Acting Plant Superintendent
Yankee Atomic Electric Company -

Star Route-
Rowe, Massachusetts 01367-

Resident Inspector
Yankee Nuclear Power Station
U.S. Nuclear Regulatory Commission
Post Office Box 28
Monroe Bridge, Massachusetts 01350

Regiona1' Administrator, Region I
U.S. Nuclear Regulatory Commission '

475 Allendale Road *

King of Prussia, Pennsylvania 19406 '

Robert M. Hallisey, Director ,

Radiation Control Program
Massachusetts Departsent of Public Health
150 Tremont Street. 7th Floor
Boston, Massachusetts 02111

Mr. George Sterzinger
Commissioner.
Vermont Department of Public Service
120 State Street, 3rd Floor
Montpelier, Vermont 05602

Ms. Jane M. Grant
Senior. Engineer - License Renewal
Yankee Atomic Electric Company
580 Main Street
Bolton, Massachusetts 01740-1398

.
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ENCLOSURE

.

SAFETY ASSESSMENT OF YANKEE R0WE YESSEL
.

.

I. INTRODUCTION

In a letter dated July 5, 1990 from John D. Hasaltine, the Yankee Atomic

Electric Corepany (the licensee) submitted for staff review a report entitled,
" Reactor Pressure Yessel 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 vessel operating temperatures, beltline material chemical composit,ich,
and material surveillance test results on the integrity of the Yankee Rowe
reactor vessel. These concerns have potential impact on prior NRC reviews of"

vessel integrity resulting from low irradiated Charpy Upper Shelf Energy (USE)
and vessel integrity during postulated Pressurized Thermal Shock (PTS) and Low

*

Temperature _0verpressurization Events (LTOP) events.

The licensee's justification for operation of Yankee Rowe is that there is
adequate assurance that risk of vessel brittle failure is 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
(conditionalvesselfailureprobability). Brittle failure challenge events
fall into 2 general categorien (1) pressurized thermal shock (PTS) events,
and(2)lowtemperatureoverpressurization(LTOP) events. For both categories
the licensee has estimated a very low probability that a vessel failure will

The frequency of challenge and probability of vessel failure for PTSoccur.

and LTOP events are discussed in Section II and Section III respectively.
Additional information to support the licensee's conclusion was submitted in
References 12 through 23.

.
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!!. PRESSURIZED THERMAL SHOCK (PTS) EVALVATION

II.1 Systems Evalcation of PTS Limiting Events

For PTS events the licensee has indicated that risk contributors can be divided
into 3 groups: (1) steam line breaks, (2) small break LOCAs, and (3) '*

transients. For each PTS group the event resulting in the inest limiting
temperature and pressure conditions (from a vessel failure perspective) is
considered to be representative for the group. The frequency for a group is
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 therinal

hydraulic analyses; (3) adequacy of the event frequency estimates including
human error contributions; and (4) adequacy of the limiting events selected.-

,

.

11.1.1 Completeness of PTS Events Considered

In its PRA submittal on PTS for Yankee Rowe, the licensee performed a

systematic evaluation of initiating events (IEs) that could lead to primary
system overcooling coupled with primary system repressurization. These IEs
were grouped into four major categories. Category I is main coolant system
(MCS) induced events. This category of eventr includes MCS - initiated cool-
down events, depressurization events, and injection events, with both the MCS
intact and faulted. Category !! is secondary system induced events. This
category includes events initiated due to steam removal, feedwater flow, steam
generator blowdown, and steam /feedwater flow control abnormalities. Category
III is general transients which do not directly result in initial MCS cooldown
and are not related to support systems but, if followed by other system
failures could result in cooldown events. Category IV is events not
necessarily resulting in initial MCS cooldown but involving support systems
which have the potential to impact other frontline systems which could cause

MCS cooldown. The licensee also reviewed the PTS evaluations for H. 8.
Robinson and Calvert Cliffs performed by Oak Ridge National Laboratories to

!
|
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assure 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 an overcooling event at Rowe. The

plant design and the Yankee Rowe Probabilistic Safety Study were likewise
reviewed to identify any plant unique cooldown sequences,

,

11.1.2 Thereal-Hydraulic Analyses for Transients Affecting PTS

Baseo on system and thereal-hydraulic considerations, each of the initiating
events were evaluated and the initiators relevant to PTS concerns were
identified. E.est tres sequences were then developed for each event associated
with the relevant initfators concerning PTS. Support systems were treated in a
separate auxiliary t'ee. Quantification of event sequences and endstates was ,
performed based on che system models, dependencies, and human actions. -

Endstates with frequencies higher than 10-8/ reactor year were selected for
-

potential further thermal-hydraulic and fracture mechanics analysis. Based on
grouping sequences with similar plant thermal-hydraulic behavior, this process
resulted in the final set of initiating events being grouped into three
categories with four corresponding event trees: steam line breaks upstream or
downstream of non-return valves, small break LOCAs, and transients.

For each of the above identified four event trees, thermal-hydraulic analyses
were performed to model the spectrum of overcooling events. The transient
downcomer temperature and MCS pressure were calculated and bounding cases
affecting PTS concerns were identified.

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 15/16
inches at the reactor coolant pump suction and three cases of main steamline
break were found as the limiting transients rslative to PTS concerns. These
limiting transients were analyzed in greater detail using the RETRAM computer
code, the combination of RETRAM and EPRI models, or the combination of RETRAN

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ - - - _ - - _ - . - - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - -_ - .
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and REM!x codes. The RETRAN computer code is designed to analyze the response
of plant systems during both normal and transient conditions. The licensee's
capability of using RETRAN for main steam line break analyses was reviewed and
approved by the staff in 1983.

The licensee asserted that the CEPAC code is
similar but simpler than the RETRAN code. The CEPAC code has not been reviewed

by the staff. However, the limiting transients results were not based upon
CEPAC calculations. The EPRI rnodel has been used for the non-stagnant flow
conditions in the Calvert Cliffs PTS analysis. The REMIX code was used for the
SBLOCA case without offsite pcwer tvailable, where flow stagnation occurred.
The staff has evaluated the adequacy of the licensee's use of REMIX for the "

Yankee Rowe plant SBLOCA case. We feel that sufficient conservatism exists in
this analysis. There are other conservative assumptions considered in the

SBLOCA analysis such as early stagnation in the downcomer area, low decay heat,
coincident loss of offsite power and an assurption that all three trains of

,

safety injection are injecting water to the MCS. The first three of these '
assumptions result in minimal mixing of the cold SI water with the hot prir.ary
system water. The fourth assumption raximizes the amount of cold water added
to the primary system. The result is a conservative (colder) dcwncomer water
ternpe ra ture. In the main steam line break cases, there are conservative

assumptions applied such as zero power at event initiation, low decay heat, dry
steam to the break, coincident loss of offsite power, non-return valve failure,
etc. As in the SBLOCA cases these assumptions minimize mixing in the prirary
system and raximize primary system cooldown. The following design features
were found to be significant in the analyses:

*
The charging pumps trip on a safety injection signal. This feature helps
assure that the raxinua repressurization achievable during a LOCA or
transient that may initiate safety injection is limited to the shutoff
head of 'the safety injection system (1550 psig).

* The safety injection pumpt have relatively low capacity and a shutoff
head of 1550 psig when HPSI and LPSI are aligned in series. When not
aligned in series the shutoff head is limited to 800 psig.

.
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*- There is only one pressurizer PORY. This reduces the probability of a
stuck open PORY (relative to two PORVs) initiating a cooldown event.

'

1

*

There is only one turbine bypass valve, and it has low capacity. i
This

limits the rate of potential cooldown (if the valve fails open).
!

*

The emergency atmospheric steam dump velves have low capacity.This
limits the rate of cooldewn should the valves fail open.

*

The condensate pumps trip following a steam break in the vapor containr.ent.

*
Emergency feedwater pumps must be ranually started.

*

The Emergency Operating Procedures direct the operator, in response to
iminent PTS conditions, to stop safety injection pumps and low pressure '
safety injection pumps if thore is sufficient subcooling and pressurizer,
level.

*
Although the plant has primary system loop isolation valves, emergency
operating procedures only require their operation during a steam generator
tube rupture in order to isolate the faulted generator. For other LOCAs
inside the vapor containment, the operators are instructed to not isolate
the break location. Isolation of a break could result in significant
repressurization.

*
The feedwater pumps trip on reactor scram or low suction pressure. Above

15 percent power, operators are instructed to isolate feedwater ficw by
closure of the feedwater regulating valvss and the feedwater motor-

operated isolation valves. .These measures limit the chance and severity
of an overcooling event caused by overfeed of the steam generators.

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

,

|

|

|
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control system has independent controls for each steam generator such that a
single fr.ilure in the control system would not result in overfeeding more than
one steam generator. If another system should begin to supply additional water
to the steam generators (e.g., the irging system), the feedwater control
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 usumptions used by the licensee, the staff considers that the
thermal-hyor tulic analyses are conservative and reasonable. We note that the
results are also consistent with other sim'lar analyses such as the Robinson
and Calvert Cliffs PTS studies.

II.1,3 Frequency of Cooldown Events Threatening the Vessel

Yankee Atomic has estimated that the frequency of sequences that would

significantly challenge the integrity of the reactor vessel due to pressurized'
thermal shock to be about 5 E-4 per reactor year. Small break LOCAs result in
the most limiting thermal hydraulic conditions of any of the sequences
a nalyz ed. Yankee Atomic estimated this frequency by partitioning the WASH-1400
small break LOCA frequency (for break sizes between 0.5 and 2 inches) based on
the number of pipe segments inside the vapor containment that were between 1
and 2 inches in interior diameter (I.D.). The limiting sequence (costination
of frequency and thermal hydraulic conditions) was estimated by Yankee to be a
LOCA about 15/16 inches I.D. where the estimated minimum downcomer temperature
was 151*F and the maximum RCS pressure af ter cooldown was 670 psi. This
analysis did not, however, take into account the possibility of the operator
violating his Emergency Operating Procedures and attempting to isolate the
break. Such action could lead to an RCS maximum pressure equal to the shutoff
head of the safety injection pumps. At the staff's request Yankee Atomic
performed an analysis of such a sequence. The licensee concluded that it was
not a significant event because of the small amount of small bore piping which
is isolable, s.,e frequency of a small break in any location, and the operator
training and procedures which direct operators not to isolate breaks inside
the vapor containment.

.
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.- .

|

7 \

i

The staff has reviewed the licensee's event frequency estimates in considera-
tion of the plant specific features of Yankee Rowe. The limiting event
frequencies are resscnably consistent with values used in other studies. The
treatment of human error in the Yankee Rowe PTS PRA is judged to be conserva-
tive or non-censervative depending on the timing af the error.

The PTS thermal
hydraulic analyses indicate that small break LOCAs give the worst corbination

j
of Icw primary system temperature, high primary system pressure, and high' '

cooldown rate. The staff believes that the licensee's estimate of 5x10'' per
reactor year as the frequency of a small break LOCA is consistent with the
frequency of 1x10 per reactor year typically used in PRAs.

!!.1.4 Adecuacy of PTS Limiting Events

The licensee performed a systematic review of the Yankee Rowe features in order;
to identify potential overcooling sequences. The licensee 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 cor.ditions (relative
to vessel failure) resulting from the event. The staff concluded the events
considered are reasonably comprehensive, the thermal hydraulic analyses,
methods, assumptions and results are reasonable. With regard to the frequency
estinates, 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 applications. The event frequencies were also found to be
relatively insensitive to human error since the limiting events would not
change significantly aven if the human error probability (at times greater than
I hour) changed by k factor of 100. Therefore, based on these systems, thermal

| hydraulic, and avant frequency studies, the staff concludes that there is
reasonable assurance that the limiting events have been properly identified.

.

|
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II.2 PTS Materials Evaluation

!!.2.1 Ba c kground-

The Pressurized Thermal Shock (PTS) rule,10 CFR 50.61, adopted on July 23,
1985, establishes a screening criterion that is a limiting level of embrittle-
ment beyond which operatica cannot continue without further plant-specific

evaluation. The screening criterion is given in terms of RTHDT, calculated as
a function of the beltline material chemical composition (copper and nickel
contents) and the neutron fluence according to the procedure given in the PTS
rule, and called RT

to distinguish it from other procedures for calculatingPTS
RT The greater the amounts of copper, nickel and neutron fluence thef!0T .
higher the RT

for the material and the lower its fracture resistance. TheNOT

screening criterion is 270*F for plates and axial welds and 300*F for the
circumferential weld. The rule does not consider the effect of vessel -

*

operating temperature and material surveillance test results on the calculated
RT The rule is currently being amended to calculate the RT using thePTS.

PTStrend curves in Regulatory Guide (RG) 1.99, Rev. 2.

The licensee, in response to our concerns about embrittlement; provided the
follcwing significant inforr.ation:

1. The reported copper and nickel contents of the weld metal are now assumed
to be higher, because the actual values are unknown, and the licensee

elected to report measurements made for a " sister" vessel, the Belgian
BR-3 reactor, instead of previously-reported measurements for a weld in
the' upper head of the Yankee Rows vessel.

2. The nominal operating temperature is 500*F, whereas the data base for

R.G.1.99, Rev. 2 and the PTS rule is from reactors that operate at a
nominal temperature of 550'F. (Lower irradiation temperature increases

RTNDT')

3. The surveillance data from the Yankee Rowe vessel, all of which data from

the late 1960's, show high sensitivity to neutron embrittlement, even

. _ _ _ _ _ _ _ . ..
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considering the effect _of the lower irradiation temperature. These data
.

-were known to the AEC but were discounted because the operating tempera-
ture in the first few fuel cycles was known to be low (500'F), and there-
were coast down periods involving low operating temperature of several
months duration at the end of the fuel cycles.

.l!.2.2 Evaluation of Material properties '*

The beltline in the Yankee Rowe reactor vessel consists of an upper plate, a
lower plate, two axially oriented welds and one circumferential1y criented
weld. The only surveillance data from these materials is from the YNPS

-

beltline upper plate. The chemical composition and heat numbers for the upper
and lower plates are kncwn. The chemical composition and heat numbers for the
axial and circumferential welds are unknown. Eighty.five percent of the

- accumulated irradiation occurred at a cold leg temperature between 500'F and-
'

520'F. The remaining fifteen percent of the accumulated irradiation occurred,
- at cold leg temperatures less than 500*F.

| The staff's estimate and licensee's estimete of the mean value reference
temperature-in 1990 for each Yankee Rowe beltline material at its peak neutron

L - flux location are tabulated in Table I. The mean value reference temperature
is-the sum of the unirradiated reference terperature and the increase in

I - reference temperature resulting from neutron irradiation at'an irradiation
temperature of 500'F. The.ctaff's estimate of the increase in reference

~

L temperature was estimated for the peak neutron fluence in 1990 at the inside
I surface of the reactor vessel. The peak neutron fluence Jis 2.3 x 10 n/cm80for the upper shell plate,'2.05 x 10 -n/ css for the lower shell plate and

0- circumferential welds, and .38 x-10 n/cm8 for the axial welds. The neutron
fluences were calculated by the'11censee using a methodology documented in

- letters from G. Papanic - Jr. dated January 22, 1986, October 28, 1986 and
! February 4, 1987. The' staff review of the licensee neutron fluence calculation

methodology is documented in a letter to the Ifeensee dated March 10,1987.
The licensee is currently recalculating these fluences. The results of this
analysis will not be available before October,1990.

L

i~. _ _ _ _ . _ _ - _ _ . _ _ _ _ _ . . . - . -__ _ __
- ~. . _ _ . , - , _ - , _
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!!.2.2.1 Upper Plate

The licensee's estimate of the increase in reference temperature for the upper
plate was derived from Yankee Rowe and BR-3 surveillarce data, but did not
correct the BR-3 data (irradiation temperature 525-540*F) to account for the
lower irradiation temperature (500*F) of the Yankee Rcwe reactor vessel',' In
addition, the licensee doubled the neutron fluence values reported for the
Yankee Rowe surveillance data.

The licensee did not include the effect of
lower irradiation temperature in its analysis because they claim that the
coarse grain size of the upper plate surveillance material eliminates the

'

effect of irradiation temperature. The licensee's coarse grain theory is
based on an argument that irradiation-induced defects in a coarse graint

j structure are more stable than irradiation-induced defects in fine grain
! s tructures.

Since the irradiation-induced defects are more stable in the
coarse grain structure, the licensee concludes that the lower irradiation -

*

temperature of its reactor vessel will not affect the BR-3 data. Because of,

| .

very limited surveillance data applicable to the Yankee vessel, the staff does
not consider that the licensee has yet substantiated this theory.1

I A literature survey performed by the staff revealed three reports which
indicate irradiation temperature has an effect on neutron irradiation

i embrittlement. InReference1(Stallman,ORN1.),irradiationtemperaturewas
! found to increase transition temperature by 0.5 to 1.5 degree per degree

decrease in irradiation temperature from 550*F, for a heat of A 533-B plate
(the 02 plate from the ORNL HSST program). Odette (Ref. 2) has similarly found

>

.

a factor of I degree per degree using a large data base of surveillance data.
Inaddition,Lowe(Ref.3)hasfoundabout0.7degreeperdegreechangein
irradiation temper.ature, for Linde 80 welds. Overall, these factors are
probably dependent on the composition, processing history, etc. of the steel.

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

--- _ _-_ _ __ _ ___ _ __ _ _ __ _ _ _ _ _ _ _ ___ _
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decrease in irradiation temperature.
The staff estimate of the reference

temperature includes a correction for irradiation taperature and is based on
the analysis performed by Odette (Ref. 4).

.

11.2.2.2 tower Plate

The licensee's estimate of the increase in reference tempsrature for trie' lower
plate was derived from Yankee Rcwe and BR-3 surveillance data, but was not
corrected for lower irradiation temperature or the increase in the amount of
nickel in the lower plate compared to the amount in the surveillance plate.
The lower plate has 0.63 percent nickel and the surveillance plate has 0,18
percent nickel.

The licensee believes no correction is necessary because of
the postulation that the coarse grain of the plate eliminates the nickel and
irradiation temperature effects.

*

To support the conclusion that the nickel effect may be eliminated for
.

.

coarse-grain structural material, the licensee reports the conclusions of a
Maricchiels (Ref. 5) study. In this study, " Nickel 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 statistical
analysis of commercial US reactor surveillance data. The results of the
statistical analysis of base metal surveillance data is reported Table 2 of RG
1.99, Rev.2, which is contained here as Table 2.

This Table indicates that for a
particular amount of copper, nickel increases the chemistry factor, which results
in an incrsase in the material's reference temperature (damage), not a decrease
as reported in the Mricchiols study. Since the statistical analysis performd
to derive the chmistry factor in the tables in RG 1.99, Rev. 2 indicates that
there is a nickel effect and the licensee has not provided any data from coarse
grain structure material that shows there is no nickel effect, the staff
concludes there is a nickel effect.

The st,tff estimates that an increase in nickel from .18 percent to .63 percent
at 500'F 1rradiation temperature results in an 80*F increase in the reference
touperature. This value is based on analysis by Odette (Ref. 4). The staff

--._ _ --- ------ ------- - - - -- - - -~ ~- ~
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considers that it is important in order to determine whether longer term
operation shoulo be authorized to determine the effect of coarse grain for
operating temperatore and metal chemistry representative of the Yankee Rowe
vessel.

!!.2.2.3 Circumferential and Axial Welds
. . .

The circumferential weld is one of the critical materials. The axial welds'

are not because they are exposed to 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
a correction factor for irradiation temperature. As discussed previously, *

the chemical composition of the Yankee Rowe beltline welds is not known. The*
licensee used the chemical composition of a BR-3 weld to estimate the increase
in reference temperature resulting from neutron irradiation. The licensee
believes that the amounts of copper (.183 percent) and nickel (.70 percent),
reported for the BR-3 welo may be used as estimates for their welds because
the BR-3 weld and Yankee Rowe beltline welds were fabricated by the same
vendor Babcock Wilcox, using the same process (submerged arc) and the same

procedures (copper-plated filler wire with Linde 80 f'. x). However, this
conclusion is not supported by industrial experience. The B&W Owners Group
(p.ef. 6) evaluated the weld chemistry of Babcock & Wilcox fabricated Linde 60
welds. The reports indicates that the total copper concentration in the weld
metal results from a combination of the amount of copper plating and the base
filler wire alloy concentration. However, the principle source of copper in
the as depostted weld metal is the amount of copper plate. Reference 6
indicates the amount of copper varies from heat of wire to heat of wire.
Until the licensee determines the chemical composition of the circumferential
and axial 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
irradiation on the weld metal's reference temperature.

,
.

. _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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: 1

) The staff used two bases for estimating RT
for the circumferential weld.NOT1

One method uses a set of data compiled by Odette (Ref. 4) for 500*F irradia- |

tion. which yields a 370'F value for RT
NOT. The other method uses RG 1.99,

'

.

Rev. 2 methodology, bounding values for copper and nickel, 0.35 percent and) 0.70 percent respectively, and 50*F for the irradiation temperature effect.'

This yields a value of 330'F for RT
NDT. Figure 1 (Figure 4 from Reference'

1) reports the increase in-reference temperature for weld metals and base
metals (plates) at irradiation temperature of 500'F.

The dashed line has been;
added to represent the increase in reference temperature for the circumferential
weld using the RG 1.99, Rev. 2 bounding method with 50'F correction for the'

irradiation temperature effect.
Since this curve bounds all the existing weld

data in the Odette report, this method has been used to estimate values of
of reference temperatures for the circumfarential and axial weld metal where

.

the amount of copper is unknown and the weld metal is subject to 500'F '

irradiation temperature. ,

,

'

!
.

The predicted value of the reference temperatures in 1990 for the circum.

ferential weld and longitudinal welds are 330*F and 226'F, respectively.;

: These values are for high copper welds. If the chemical analyses of these'

welds indicates that the amounts of copper are significantly less than 0.35
| percent copper and 0.70 percent nickel, the reference temperatures will be
: significantly reduced. For example, if the circumferential weld had 0.20
'

percent copper and 0.70 percent nickel, the reference temperature 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,

longer term operation should be authorized to determine the actual chemical
f composition of the circumferential weld.

11.2.3 Sunmary

The level of uncertainty is higher for the estimates of RT values for Yankee
-

ET
i Rowe than has been encountered for other reactor vessels. Therefore, con-

sidering the uncertainty in weld cheatstry and the effects of coarse grain, the
i

j staff believes the RT f r bqth the lower plate and the circumferential weldNDT

should be assumed to be 350'F t 50'F.
i

.- _ _ . - - - . . _ . . _ _ . ._ _ _ .~ _-
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!!.2.4 Probabilistic Fracture Mechanics

Although the Yanke6 Rowe reactor vessel beltline has not received any inservice
volumetric inspection, other areas of the reactor vessel have been inspected.
These inspections report that the welds do not contain any flaws exceeding the
acceptance limits defined by 10 CFR 50.55a and ASME Code Section XI. ''

In developing the PTS rule, the staff used a " Marshall" distribution (Ref. 7)
of flaws. The " Marshall" distribution, which was developed in the mid-

!

seventies, characterized defects in a vessel entering service, including
j

defects considered acceptable according to fabrication codes and undetected
during inspection.

The Yankee Rowe reactor vessel beltline was fabriacted using riethods and
,

materials similar to other concercially operated reactor vessels except that'
the clad in the Yankee Rowe reactor vessel is spot. welded and the clad in allr

[ other connercially operated reactor vessels is fusion welded. Hence, except
for the effect of spot welding, the distribution of flaws in the Yankee Rowe
reactor vessel. should be similar to the distribution in other connerically
operated reactor vessels.

!

During the Sumer 1990 refueling outage, the licensee ultrasonically examined
the reactor pressure vessel closure head and upper regions of the pressurizer,

-which contained spot-welded clad similar to the clad in the reactor vessel
beltline. Thestaffinspector(Ref.8)concurredwiththelicensee'sevalua-
tion of the ultrasonic data that there was no extension of previously observed
cladding cracks into the base metal. This inspection supports the conclusion

I that postulated cracks in the spot weld in the reactor vessel beltline cladding
would not progress into the base metal due to the operation of the reactor
vessel and the " Marshall" distribution appears to be applicable for the Yankee
Rowe reactor vessel beltline. However, until the licensee performs an
inservice inspection of the beltline materials, the conditional fatture prob-
ability should be increased to account for the uncertainty in service-induced

'flaws.

. - . . .. - - - - - - - _ - . - _ - . - - - . . _ - . -
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1
I To assess the effect of cracks on the probability of failure given the

occurrence of a transient event, tne licensee utilized probabilistic fracture
mechanics analysiss The staff guidance for estimating the conditional
probability of reactor vessel failure is provided in Regulatory Guide 1.154

Thermal and stress analyses for the vessel wall have to be performed. Input
for this analysis includes the primary system pressure, the temperature of the
coolant in the reactor vessel dcwncomer, the fluid-film heat transfer
coefficitat adjacent to the vessel wall, all as a function of time, and the
vessel properties. Probability density distribution functions for flaw size,
crack initiation fracture toughness, crack arrest fracture toughness, and
either the vessel materials nil ductility reference temperature, or the vessel
materials copper and nickel contents, and fast neutron fluence have to be
developed. For each transient of interest, many deterministic fracture
mechanics analyses have to be performed to determine the number of ti a the-
crack penetrates thrs ch the vessel wall per 100,000 runs (for exar , ua.
result of the stress level, flaw size, toughness and other variabit selected
for each run. The calculations are perfonned with a probabilistic fracture
mechanics ccmputer code based on the Monte Carlo simulation te:hnique.

The licensee has performed a probabilistic fractura 7 chanics analyses for
several transients. For example, the licensee perfeined a "Insitivity study
triat predicts conditional probability of reactor pressure vessel failure is
approximately 10'3 given the occurrence of a 1.3 inch-diasuter small break

LOCA event, which they believe is the controlling event, and for the reference
temperatures reported in Table 3. The reference temperatures used by the
licensee are stallar to the values estimated by the staff except for the lower
plate. The conditional failure probability for a small break LOCA event for
the icwer plate with a reference temperature of 325'F is less that 10-5 This.

plate has a low conditional failure probability at these high reference tes-
peratures because only a small portion of the plate is in the beltline region.
Considering the results from the 325'F reference temperature analysis, a mean
value of 355'F should not significantly change the conditional failures
probability.

,

|
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When evaluating the results of the licensees sensitivity study one nust con-
sider the assumptions used in the analysis.

The licensee assumed a " Marshall" !

distribution of flaws and that cracks would arrest according to the average
crack arrest data (Ref 9). The flaw density distribution function used by the
licensee may not be representative of the Yankee Rowe reactor vessel because of'

its unique spot cladding on the inside surface of the reactor vessel. 'I't also
appears that the licensee's analysis may not have adequately accounted for the
icw upper-shelf energy of the vessel material which affects the " arrest" of
initiated cracks.

Given these apparent deficiencies and others that have been
noted to date, the staff does not accept the licensee's estimate of the condi-
tional failure probability of the reactor pressure vessel.

The staff and its
contractor are continuing a detailed review of the licensee's analysis. The
review of this analysis should be completed by the end of October 1990. The
results of this review will be irportant in determining future action in *

connection with this license. In view of these uncertainties the staff is ,
unwilling to accept the licensee estimate of conditional vessel failure prob ,
ability of 1x10 given a specific size small break 1.0CA. In the meantime the
staff judges it would be prudent to assume the conditional probability of
reactor pressure vessel's failure to be in the range of 10*I to 10-2

,

11.2.5 PTS 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 in reference tr.k9erature. These uncertainti @
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 failure prob-
ability (by a factor of 10 to 100 relative to the licensee's estimate) was
appropriate. This range when coupled with estimates of likelihood 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 fuel Cycle 21 is acceptable from PTS considerations.
However, additional inforination to resolve these concerns is needed to
determine whether to authorize longer ters operation.

._
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!!I. LOW TEMPERATURE OVERPRESSURIZATION (LTOP)

!!!.1 Systems Evaluation

in addition to the PTS events described above, another class of transients

that could induce fracture in a brittle reactor vessel beltline are low tem-
perature overpressure (LTOP) events. These events could occur during plant
heatup when pumps are beirg started and there are possibilities for the nis-
alignment of valves and controls following maintenance operations. The

occurrence of such events nas led to requirements comprising a low setpoint
relief valve and control circuitry as described 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 its July 5 ,

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 vessel challenges from
LTOP events was very low.

|

The staff review in this area emphasized the 49plicability of historfcal data
to Yankee, impact of Yankee specific LTOP system features; and administrative

| controls used to minimize human errors.
t

!

l III.2 LTOP Event Frecuency
i
!

For LTOP analyses the licensee used the nethod and data described in NUREG/

CR-5186(Ref.10). Features important for Yankee relative to the generic data
base are:

|

Feature A: The RHR (Shutdown Cooling System) at YNPS is a dedicated systen
j which is different from most plants. The system is connected to the Main
! Coolant system through dual isolation valves. The suction to the Shutdown

Cooling pump is from the #4 cold leg loop. There are two pumps and heat

|

|
1



,

'

.

.

18 1

.

exchangers for redundancy.
There is also a relief valve on both the suction

I

and return lines for overpressure protection.

Feature B:
~ The PORY (in the low setpoint condition) and the shutdown cooling !

relief valves are required to be operable by Technical Specifications whenever I

the plant is in the Modes 4 and 5 and the system temperature is less than
300'F. The shutdown cooling relief valves are tested when the plant is
operating in Mode 1 and the shutdewn cooling system is required to be isolated.
The PO!<V is tested when the plant is in Mode 6 with the reactor head removed.

Feature C: Plant procedures require that pcwer be rencved by locking out the
breakers for the Main Coolant pumps and the Safety Injection pumps prior to
being in a water solid condition. Power is rernoved from 51 pumps below 200*F.

Feature 0: The safety relief valves of the shutdown cooling system cannot be
automatically isolated once the system is placed into operation because the r

system isolation valves do not have any automatic isolation 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 relief valves and 1 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 vessel
challenge event frequency (events where mitigation systems fall) is 6.5X10~6

per reactor year. NUREG-5186 reports a frequency of 2.5x10'3 per reactor year
using generic data. The difference is attributable to 2 factors: (1)the
availability of an addit.ional relief path at Yankee relative to generic data
assumptions; and (2) a power lockout requirement for MCP and SI pumps at Rowe
whid precludes energy addition events such as were reported in the generic
data base.

The staff judges that the specific features of Yankee Rowe would reduce the

likelihood of the vessel challenges from LTOP events in the operating range
when the PORY is reset to the lower setpoint and the SDC system SRVs are
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available. An event frequency of 1x10'3 per reactor year was therefore chosen
as a 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 isolated, and above 380'F and 450
psig the PORY is reset to 2500 psig. For all temperatures greater than

In the range of 300'F to 450*F a dedida,180'F apressurizer bubble is required.
ted

operator is required whose only responsibility is LTOP protection (by
maintaining a 400 psi margin to the Appendix G curve). Power is also removed
from 2 of 3 safety injection purps at these conditions and all SI pump switches
must be in pull to lock. Inadvertent SI (which could cause a maximum pressure
of 1550 psig) would therefore require a spurious SI signal plus failure to have
the $! purps in pull to lock. In addition, the auto safety injection signal is
blocked unt11 1800 psig. The licensee concluded that the most probable LTOP
challenge in this range (T greater than 300'F) is a charging / letdown mismatch.'
A charging /letdewn mismatch involving all 3 pumps could allow 100 gpa injec ,
tion. This rate would allow 10 minutes for operator action to preclude viola-
tien of the Appendix G curve in the event of a PORY failure to open. However,

even without credit for operator action, the licensee's frequency estimate for
an event that would challenge the vessel is about 1x100 per reactor year.
This estimate assumes a PORY failure rate of about 10-1 per demand, a mismatch
frequency of 10-2 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
10-2 per reactor year.

In view of the licensee's analysis and the historical data regarding challenges
to systems with a pressurizer bubble and PORY (zero events), the staff
considers that the screening value of 1x10~3 per reactor year discussed above

for LTOP below 300*F is also conservative in the temperature range above 300*F.

Above 380*F and 450 psig the PORY is reset to 2500 psig. However in this
range the vessel. temperature is high enough that brittle fracture is of
negligible concern.

'
!

|

|
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!!!.3 LT0P Materials Evaluation

The licensee did not discuss materials aspects of LTOP events in their reports.
The- staff calculated the conditional probability of vessel fracture based on
the peak pressure for the Yanken

:we vessel using the methods set forth in
Reference 11 and assuming RT is 320*F.NDT An LTOP peak pressure in the , range
1000-2000

psig has a conditional probability of vessel fracture in the range
10*3 to 10-2 ,

!!!.4 LTOP Conclusion

Based upon a conserva uve screening value of 1x10'3 per reactor year for LTOP
event frequency and a conditional vessel failure probability for LTOP events
of 10-2 to 10'3 , the staff concludes that PTS events are bounding for brittle '

- fracture considerations. ,

,

P

IV. UPPER-SHELF ENERGY EVALUATION

1Y.1 Background ,

;
Reactor vessel beltline materials are required by Appendix G to 10 CFR Part 50
to have adequate fracture toughness. Specifically, beltline materials are
required to have Charpy upper-shelf energy (USE) no less than 50 ft/lb
throughout the life of the vessel. Otherwise, an analysis, approved by the-,

staff, to demonstrate the existence of margins of safety against fracts te
equivalent'to those of Appendix G of the ASME Code is required.

IV.2 Upper-Shelf Enerny Events - Material Evaluation

In a letter dated May 1,1990, the staff informed the Itcensee of the results .

of analyses that indicate that the USE for the Yankee Rowe vessel could be as
low as 35.5 ft/lb. The staff specified the regulatory requirements that had to
be met for vessels with USE below 50 ft/lb and provided the USE evaluation
criteria based on current deve1 peents of the ASME Code. At p 1, these9

criteria have only been developed for ASME Code Service Levels A and B, e.g.,

|
. .

.
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Nonnal and Upset loading conditions.
The staff believes that Service t.evel cand D,

i.e., Emergency and Faulted conditions, criteria are unnecessary
because, except for PTS and ATWS transients, Service L.evel C and 0 loads do not
exceed level A and B loads.

PTS events are discussed above. With 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.AYWS
was estir.ated to be 2820 psig.

3ince the licensee's Charpy USE analysis
asstmed an RCS pressure of 3437 psig the staff concludes that ATVS events are
reasonably bounded by the licensees USE analyses.

The licensee performed an USE analysis for Normal and Urset loading conditions,
i.e., ASME Code Service Levels A and B, using the ASME Code criteria now in
;.repa ra t ion.

The ASME code criteria now in preparation will require margins of
safety against fracture equivalent to those required by the regulations. Based
on a preliminary review of the licensee's analysis, it Appears that the -

licensee's analysis satisfies the ASNE code criteria for Service levels A and 8
and provide margins of safety against fractw e equivalent to those required by
Appendix G of the ASME Code.

The licensee also performed a low USE analysis
for two of the PTS transients. The effects of low ijSE on crack arrest will
also be considered in the PTS analysis being evaluated by that staff's
contractor.

V. CONCLUSION

In order to address several NRC concens with respect to the requirement for
reactor vessel fracture toughness for protection 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
j addressed both the probability of the initiating events as well as the

probability of a pre-existing crack propagating-through the vessel wall. The
| licensee also estimated the likelihood of chc11enges to the vessel from low
! temperature overpressutization events. As discussed above, there are a number

of areas in which the staff concludes that additional safety margin or con-
servatism in the analysis woulp be appropriate; and that additional information

|
!

.
- . - . , = -
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to fully resolve the areas of concern is needed in order to detennine whether
longer term operation should be authorized. Actions required of the licensee
during the next operating cycle are specified below. However, in the interim,

,

the staff concludes that reasonable assurance of the peblic health and safety
is prt>vided since the potential for reactor vessel failure is very unlikely

.

..

VI. FUTURE LtTIONS

In order for ti;e licensee to denonstrate 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 restart, a detailed plan of
action. The following elements should be included in the plan:

VI.1 Short Term (Completed within 3 montas)
.

.

1. Peer review of YAEC 1735, " Reactor Pressure Yessel Evaluation Report for.
Yankee Nuclear Pcwer Station,'

2. Revise fluence calculations.
!

VI.2 Long Term (Completed prior to Cycle 22 startup)
t

i 1.. Develop inspection methods for the beltline welds and each beltline plate

from t.he clad te 1 inch free the clad / steel interface to determine if the
metal contains flaws.

2. Perform tests on typical Yankee Rowe base metal (0.18-0.20% Cu) to
| determine the effect of irradiation (f = 1-5X1019 2n/cm),austenitizing

temperature (1650*F 1800'F) and nickel composition (0.18-0.70 percent)on
embrittlement at 500*F and 550'F trradiation temperatures.

| 3. Determine composition of the circuntferential weld estal in beltlina by
; removing sapples frota the weld.

.

_ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _
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!

In addition, the Itcensee should install surveillance capsules in acceleratedirradiation positions.
The capsules are to include materials representing the

beltline circumferential weld ettal and upper and lower plates.
i
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TABLE I

LICENSEE AND STAFF ESTIMATES OF REFERENCE TENPERATURE,. . .

RT FOR THE YNPS BELTLINE MATERIALS IN 1990NDT

YNPS Ir.'s ase in Ref.
Beltline Unirradiated Temp. Resulting Ref. Temp.,
Material Ref. Temp. (*F) from Irrad. ('F) RT in1990(*F)NDT

Staff Licensen Staff Licensee Staff Licensee
Estimate Estimate Estimate Estimate Estimate Estimate

................................................................................
Upper Plate 30 10 245 180 275 190

Lower Plate 30 10 325 173 355 183

Axial We*;1s 10 10 216 131 226 141

Circum.

tarential
'

Weld 10 10 320 219 330 370 229

. '

%

a
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T,*BLE 3

COMPARISON OF REFERENCE TEMPERATURES EST! MATED BY THE

STAFF AND VALUES USED BY THE LICENSEE IN ITS SENSITIVITY STUDY

.

MEAN VALUE REFERENCE

TEMPERATURF USED IN

REFERENCE TEMPERATURE LICENSEE"$ SENSITIVITY
MATERIAL ESTIMATED BY STAFF STUDY

UPPER PLATE 275 280 +

,

,

LOWER PLATE 355 325

AXIAL WELD 226 222

CIRCUMFERENTIAL WELD 330-370 360

.

9
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,' I# i UNITED STATES
I i NUCLEAR REGULATORY COMMISSION.

[ WASHINoToN o C 20666('t , ,

,y
.....

June 25, 1991

Docket No. E-029
(10 CrP Section 2.206)

Diane Curran Esc.
Harmon, Curran, Gallagher & Spielberg
2001 S Street, N.W.
Suite 430
washington, D.C. 20009-1125

Dear Ms. Curran:

I an 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 and *.he New England Coalition on
Nuclear L '.lutien (Fetitioners). On June 4, 1991, the Petition was submitteo
directly te the Commissioners of the U. S. Nuclear Regulatory Comission
(LFC). The Petition was filed in accordance with Section 2.206 of Title 10 of
the Code of Federal Regulations (10 CFR 2.206) and thus should have been filed
with the Executive Director for Operations. However, the Petitioners seek
relief directly from the Comissioners because they believe that the NRC staff
has failed to properly execute its responsibilities in this matter in
permitting the Yankee Rowe Nuclear Power Station to continue to operate
through Cycle 21 (approximately February 1992). The Petition has been
referred to re for treatment under 10 CFR 2.206.

The Petition seeks the immediate shutdown of the Yankee Rowe facility of the
Yankee Atomic Electric Company (licensee) based upon allegations that the
Yankee Rowe facility is operating in violation of NRC requirements for reactor
pressure vesse' integrity and that the NRC staff's Safety Assessment of August 30,
1990, centains a number of deficiencies. The Petitioners argue these reasons
prove that the continued operation of the Yankee Rowe facility poses a serious
threat to public health and safety. The Petitioners further request that the
Yankee Rowe f acility remain shut down until it cceplies with regulatory
recuirements and that the Comission 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
vessel 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 vessel material, the requirements in
Appendix G to 10 CFR Part 50 regarding fracture toughness and the require-
ments in Appendix H to 10 CFR Part 50 regarding a surveillance program for
reactor vessel material,

b,$'-
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On August 31, 1990, the NRC staff issued its " Safety Assessment of Yankee Powe
Vessel" (Safety Assessment) ccncluding that the Yankee Rowe facility could
operate safely through Cycle 21. The Petitioners make specific allegations
that the NRC staff's Safety Assessment is deficient. .The Petitioners argue
that-the Safety Assessment contains errors and insufficient information in the
assumptions underlying the calculations regarding the amount of neutron

'
|

irradiation absorbed by the reactor vessel, the temperature of the metal during
the time it is exposed to neutron irradiation and the chemical corpositicn of
the metal. In addition, the Petitioners argue that the Safety Assessrent is

!- intersistent with the NRC policy on Safety Goals and that it f ailed to take
into account the explicit reccmmendation of an NPC staff expert on reactor
pressure vessel 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 vessel at the Yankee Rowe f acility. The Petition expresses disagree.
ment with tht t$C staf''s ccnclusions reatbed in the Safety Assessrent that
the Yankee Powe f acility was safe to cpcrate through Cycle 21. The NRC staff
has reviewed the Petition and t fourd no new information that would call
inte question the conclusions r 'ed in its Safety M sessment. In making the
Safety Assessment, the staff to ered the views of NRC staff expert
Dr. Fardall as did the Advisory 9ittee on Peactor Safeguards (ACRS) which
repcrted f ascrably regarding coM wed operation of the Yankee Powe f acility.
- (!ee letter of Septenter 12, 19% from ACRS, Enclosure 1.) The assertion that
continued cperation of Yankee Pow, constitutes a serious threat to the public ,

health and safety because of the Dx alleged violations of NRC requirements is
without rerit for the following reacons.

The Fetiticn irdicates that the referer4e temperatures for the upper plate. '

the lower plate. Ord the circumferential weld exceed the screening criteria
fer pressurized thermal shock (PTS) in 10 CFR $0.61(b)(2). The licensee, as
documented in-Report YAEC t:c.173!, July 1990, reports that the reference ;

terperatures are below the PTS screening criterion. However, the NRC staff
believes the PTS screening criterion ray nave been exceeded. That belief is
based on conservatively considering the-uncertainties associated with weld'

chemistry, irradiation temperature, grain size effects and flaw distribution as
noted in the t$C staff Safety Assessment transmitted to the licensee by the
letter of August 31, 1990, 10 CFC $0.61 does not require shutdown if the PTS
screening criterion is exceeded. The NPC may, as specified in 10 CFC $0.61
(b)(S), on a case-by-case basis, approve operation of the f acility at values
of reference temperatures in excess of the PTS screening criterion. The rule i'

recuires.the staff consider factors significantly affecting the potential for
f ailure of the reactor vessel including the results of a probabilistic fracture
mechanics analysis in reaching-a decision to approve operation. The NRC staff

.

'

also believes that the reference temperatures for axial welds in the upper and
lower plates nay also exceed the PTS screening criteria, as indicated in the
October 9,1990, memorandum to ACRS (Enclosure 2). The NRC staff _ requested
the licensee to perform a probabilistic fracture mechanics analysis using
conservative 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 probabilistic fracture mechanic! Analy sis
ard considered the uncertainties resulting fror low upper shelf energy (USE)
of the vessel materials, the lack of beltiire inspection, and the reactor
vessel's unicue spot-welded cladding. Therefore the NRC staff judged it to be
prudent to assure the conditional probability oY reactor pressure vessel f ailure
to be in the range of ICE 1 to ICE-2 and the estimated frequency of the limiting
FTS transient to be ICE-3 per reactor year. Based on this assessrent the NRC
staff authorized the licensee to operate the vankee Rowe reactor vessel until
the end of fuel Cycle 21.

The Petition indicates that the Ya d ee Rowe vessel upper plate is below the
regulatory requirements f:.. Ch.rpy USE in 10 CR Part 50, Appendix G, Section
IV.A.I. However, Appendir G also incitates (1) that reactor vessels may be
operated at lower values of Charpy USE, if operation is approved by the
Cirecter, Office of Nuclear Reactor Fegulation, and (2) that lower values of
Charpy USE provide margins of safety against fracture that are ecuivalent to
these recuired by Appendix G cf .he ASPE Code. The licensee providec a
fracture mechanics analysis in Report YAEC No.1735, July 1990, to demonstrate
that tre Yankee Rowe reacter vessel would have ecuivalent margins of fracture
toughness to those required by Apperd h C of the ASPE Code with a Charpy USE
of 35 foot-pourds. In its August 31, 1990, Safety Assessmcats, the NRC staff
reviewed the licensee's aralysis and approved the operation of the Yankee Rowe
reactor vessel at levels of Charpy USE less than the linits in Section
l'i. A.I. of Appendix G to 10 CFR Part 50.

The Petition alleges that the NRC staff's Safety Assessment did not consider
the revised neutron fluence estimates, the vessel operating temperature, and
the vestel composition. The licensee revised its neutron fluence estimates in
letters of September 28, 1990, and February 20, 1991. The NRC staff evaluated
tre neutron ' hence estimates reported in the September 28, 1990, letter and
decurerted its findings in the October 9 1990, memorandum to ACRS (Enclosure
2). Tte peak r.eutron fluence estimates for the end of the current cycle (Cycle 21)
reported in the licensee's February 20, 1991, letter are less than the values
rescrted ir. its September 28, 1990, letter. Hence, the conclusions in the
Octcber 9, 1990, NRC staff renorandum apply to the end of the current fuel
cy cle . In preparing the Safety Assessment of August 31,199C, the NRC staff
considered the effect of the reactor operating temperature and the uncertainty
in vessel composition 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 licensee's an61ysis. The NRC staff was aware that the
licensee has not volumetrically examined the beltline welds in the Yankee Rowe
reactor vessel since the plant began operating. Therefore, the NRC staff in
its probabilistic risk assessment assured that flaws existed in the reactor
vessel plates and beltline welds in order to account for the uncertainty

.
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resbiting from the lack of voluretric examination. In Report YAEC No. 173!,
July 1990, the licensee provided f racture toughress data and an analysis to
derenstrate equivalent rargins to Appendix G as noted herein. The NRC staff
reviewed the data and analysis and provided its Safety Assessment in the
letter of August 31, 1990.

The Petition asserts that the NFC staff's decision to allow the licensee to
continue to operatt Yankee Rowe is " flatly inconsistent with the Comission's
' Safety Coal' Policy that the risk of a severe accident should be kept to less
than one chance in a million." The Petition indicates that this conclusion is
based on the NRC staff's own calculation that the risk of pressure vessel
rupture is between 5x10E.5 and 5x10E.6 and is thus greater than the Comission's
large release
reactor years) guidance of 1x10E.6 per reactor year (that is, one in a millionThe Safety Goal is not, and was never intended to be, a.

rneasure cf adequate protection of public health and safety. Rather, the
Safety Goal is a higher level of safety that the Comission believes the
industry should strive to achieve. The Corrission's Policy Statement on
Safety Goals states the following:

Current regulatcry practices are believed to ensure that the back
statutory requirement, adequate protection of the public, is met.

The Folicy staterent further states the following: '

This statement of NRC safety policy expresses the Commission's
views en the levt1 cf risks to public health and safety that the
industry should strive for in its nuclear power plants.

The NP.C staff's decisions regarding plant operation are based upon adequate
protection of the public health and safety, not the Comission's Safety Goal
Policy.

The Petition indicates that Yankee Rowe does not have a surveillance program
es required by 10 CFR Part 50, Appendix H, and has not had its vessel ultrason.
ically inspected. The licensee discussec its surveillance and ultrasonic
inspection progrart in Report YAEC No. 1735, July 1990. The licensee and the
NRC staff used the data from the licensee's surveillance program to assess the
integrity of the Yankee Rowe reactor vessel. The beltline welds in the Yankee
Rowe reactor vessel were volumetrically examined by radiography as a part of
its fabrication quality control. All flaws detected that exceeded the acceptance
criteria were removed and repaired. Although the licensee has not ultrasonically
examined the beltline welds since the plant has been in service, it has examir.ed
other similar welds and observed no unacceptabh indications, liowever to account
for the uncertainty that flaws might be present, the NRC staff, in its probabil.
istic risk assessment, assumed that fla*s existed in the reactor vessel plates
and beltline welds.

The. Petitioners make the legal argument that compliance with NRC requirements
is necessary to ensure that the Yankee Rowe f acility operates safely.
Powever, the failure to comply with a particular NRC requirement does not
necessarily trean that there is no longer reasonable assurance of adequate

4
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protection of the public health and safety, particularly when the NRC staf f tes
evaluated the area of alleged noncompliance and fcund that it coes not pose an
u r dt. t risk to the public health and safety. The NRC staff has evaluated the
Yankee Rowe reactor vessel issues carefully ard has concluded that the vessel
condition continues to provide adecuate protection of the public health and
safety. In surrary, the Petitioner's assertion that the alleged violations
6. arrant irrediate action to shut dcwn Yankee Rowe is without merit.

Icterdingly, Fetitioners request for errergency relief is denied. As required
by 10 CFR 2.206, the NRC will address the specific issues raised in the
Petiticr within a reasonable tirre. Enclosure 3 is a copy of the Notice that
is being filed with the Office of the federal Pegister for puolication.

|

Sincerely,
A 1

TFeras E. Purley, tirector
Office of Nuclear Reactor Regulation

Ericlosures:
1. Letter te K, t'. Carr fn the ACRS,10/9/90 l

2. l'ero to Committee on Reactor I

Safeguards, 10/09/90 |
3. Related Federal Register Notice.

cc: fir. George Papanic, Jr.
Dr. Andrew C. radak

l
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UNITED STATES,

l '. y' t NUCLEAR REGULATORY COMMISSION,

{ f ADVI$0RY COMMITTE E ON ME ACTOR SAFEGUARD $
* * g MSHINGf oN. D C 20555

,'%. |.

***
September 12, 1990

The Honorable Kenneth M. Carr
Chairman
U.S. Nuclear Regulatory Commission
Washingt=n, D.C. 20555

Dear Chaircan Carr:

SUBJECT: YANKEE ROWE REACTOR PRESSURE VESSEL INTEGRITY

During the 365th reeting of the Advisory Committee on Reactor
Safeguards, September 6-7, 1990, we discussed the degree and
consequences of the Yankee Rowe rsactor pressure vessel
embrittlerent due to neutron irradiation. Our Subcommittee on
Materials and Metallurgy discussed this matter with representatives
of the NRC staff and the Yankee Atomic Electric Company during a
meeting on September 5, 1990. We also had the benefit of the
dccuments referenced.

It has recently core to the staff's attention that the reference
terparature nil ductility transition (RT,37) of parts of the Yankee
Rowe pressure vessel may substantially exceed the temperature
limits f or action delineated in the pressurized thermal shock (PTS)
rule (10 CFN 50.61). The main reason is that the Yankee Rowe core
inlet torperature is about 50*F lower than that of other plants.
Another reason is the higher nickel content of the lower vessel
plate. These increase the rate of rise in RT,3, with f ast neutron
irradi4 tion.

The exact value of RT for the vessel is uncertain because of:yng

Uncertainty in the coppar and nickel content of thee

circunferential veld near the reactor vessel beltline.

The absence of surveillance data for areas that appear to have*

the largest shift in RT namely the circumferential veld,andgg7,
the lover plata of the vessel.

.

Assurance of vessel integrity is further hindered by: .

e The absence of any inservice inspection for flaws in the
reactor vessel beltline region. Such inspection has been
infeasible due to the design of the vessel internals.

Relatively lov toughness (low upper shelf energy) of the plate*

and velds near the core.

! '
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Analysis of the various safety issues involved leads to the
conclusion that PTS is the issue of most concern, one bright spot
in this picture is that several features of the plant's design make
it less susceptible to overcooling events than more modern plants.

The licensee and the staff have both arrived at estimates of theshift in RT Both agree that the circumferential weld and the
lower plate o[.the pressure vessel have the highest RT

g

in each case their esticates dif f er by about 150'T. T N .
However,

licensee'srepresentatives argue that due to the particular microstructure of
the steel in the vessel, the shift in RT is independent ofmirradiation terperature and nickel content. We do not believe
these arguments are valid, and agree with the staff that
tarperature and nickel ef f ects must be included in a valid estimate
of the shift in RT An additional difference between the staffm.
and the licensee concerns estimates of the copper content of the
circumferential weld. There being no measurements for thecorposition of the circumferential weld and a large spread in
copper values found in other plants, the staff prefers to choose
a bounding value. The applicant chose more of an average value.
In view of the uncertainty in the value f or the Yankee Rowe vessel,
we would choose the staff's bounding value.

Given that RT values for parts of the vessel probably exceed( m
those requiring action under the PTS rule, is there significant
risk in operating the plant? The low probability of a PTS
challenge leads to a low risk, even with a high RT Thus, wem.agree with the staff that operation for one more cycle is
acceptable, provided the licensee initiate an active program to
better characterize the material in the vessel near the reactor
vessel beltline. To do this the staff requires determination of
the co: position of the circumferential weld metal in the beltline
by removing sarples from the veld and development of an inspection
rnethod for the beltline welds and plate to depths of an inch below
the inside surface of the vessel. Both of these have been required
by the staff for completion before 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
accomplished in two fuel cycles.

The staff also requires " tests on typical Yartkee Rowe base metal" ,

to determine the effect of irradiation, austenitizing temperature
and nickel content on embrittlement. It is doubtful that any tests 1

that the licensee could perform during the next ft.el cycle would
convince us that the effects of temperature and nickel on
embrittlement are substantially different from those established
by the much more extensive studies already available. The effects
are not well understood, and we believe prudence dictates tending
more toward bounding values rather than best estimates based on
limited new data that may become available.

.
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j .. The Honorable Kenneth M. Carr 3 September 12, 1990
i

,

i However, the above will not adequately address the long-term
} operation of the plant. This is the lead PWR plant in the

industry's Plant Life .txtension (PLEX) program, and long-tera
; operation with such large uncertainties in vessel integrity is
: unacceptable. The extended operation of this plant would bei acceptable only if*
t

e A state-of-the-art ultrasonic inspection can be done on (9

; essentially all of the radiation affected inner surface of !; reactor pressure vessel, e.g., one that complies with Appendices'
VII and VIII of Section XI of the ASME Code. This inspection
should also check for significant thinning in the lower head asi

a result of loose parts (irradiation capsules) . Continued
operation would be dependent on the absence of significant
flaws.

,

1

A reanalysis cf the PTS question is made using well establishede
'

compositions for the material in the beltline region, or using-

limiting values of copper and nickel. This analysis should also
include the fact that the crack arresting ability of such.

material will be lower than more modern steel because of its low
upper shelf energy. Such an analysis must show acceptable risk. l

sincerely,

4

Carlyle Michelson
Chairman

Ref_erences |
" 1

1. Letter dated July 5, 1990 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, 1990 from Thomas E. Murley, NRR, to i' Andrew C. Xadak, Yankee Atomic Electric Company, subject:
Yankee Rowe Reactor Vessel, with Enclosure

f
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HEMORANDUM FOR: Raymond F. Fraley, Isecutive Director
Advisory Comittee on Reactor $afeguards

FROM: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

$UBJECT: YANKEE R0WE REACTOR VE$$EL INTEGRITY

Thank you for permitting the NRC Staff to discuss with the ACR$ Subcomittee
on Materials and Metallurgy its assessment of neutron radiation embrittlementof the Yankee Rowe reactor vessel, >

in their letter to Chairman Carr, datad
September 12, 1990, the ACR$ agreed with the staff that even with a highRT operation for one more cycle is acceptable, provided the licensee
inNIs, ten an active program to better characterite the material in the reactor
vessel beltline.
such a program, The NRC staff and the licensees are discussing and planning

,

i

In a letter dated September 28, 1990 (attached), the licensee reported
preliminary results of its recalculation of the neutron fluence for the
reactor vessel beltline. The licensee reported that the neutron fluence at
the peak flus location increased by 13 percent-and the value at the minimum flus
location increased by approximately 300 ;ercent. As a result of the increase
in neutron fluence, the nper axial shell weld becomes the limiting material, i

withrespecttoPTS,andtheegnditionalfailureprobability(10' jeu!ated"'I"9ca
the VISA 11 Code is 2.7$ a 10' . This is within the range to 10*2)estimated by the staff in its safety assessment of the Yankee Rowe reactor
vessel. The licensee will submit final fluence values and a revised PTSanalysis by- November 30, 1990. We will keep you informed on all integrity
issues affecting the Yankee Rowe reactor vessel.

M

Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

Enclosure:
As stated

{' Y
-

'

.
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' 580 Main Street, Bolt:n, Massachusetts 01710 1395
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September 28, 1990

BYR 90-128

United States Nuclear Regulatory Comissica
Document Control tesk
k'ashingten. DC 20555

Attention! Mr. k'illiam Russell
Associate Director for Inspection and Technical Assessment
Office of Nuclear Reactor Regulation

Referencess (a) License No. DPR-3 (Docket No. 50-29)
(b) Letter, NRC to Yankee Atomic Electric Company, dated

August 31, 1990
(c) Letter, Yankee Atomic Electric Company to NRC, raated

July 5, 1990

Subject: Reactor Pressure Vessel Fluence Assessment

Dear Sir:

As noted in the NRC Safety Assessment of the Yankee reactor pressure
vessel (Reference (b)), Yankee committed to preparing and submitting an
updated fluence analysis by October 1, 1990. In a telecen with
Dr. Themas Murley, NRC, on September 25, 1990 Mr. John DeVincentis of Yankee
Atorate Electric Company (Yankee) reported that preliminary results of the
updated fluence analysis, which is still under review, indicated a change from
the fluence reterenced in previous analyses sent to the NRC. The preliminary

19 versusresults {ndicate a higher peak fluence (i.e., 2.6 x 102.3 x 10 9 n/cm2) and a higher atircuchal variation of fluence (i.e.,
1.2 x 1019 versus 3.7 x 1018 n/cm2 at 45').

Mr. DeVincentis reported that Yankee assessed the ef f ect of the changes
and determined that the resulting PTS analysis was still within the bounds of
the NRC Safety Assessment and that startup of the Yankee plant from its
refueling outage was, therefore, justified. Dr. Hurley concurred with that
judgment.

Mr. DeVincentis also informed Dr. Marley that Yankee would not be able to
meet the October 1, 1990 submittat date for the final updated fluence analysie
because further work had to be perf ormed in order to verify the preliminary
results and assess their offacts. In s subsequent telecon between NRC and
Yanke e on Septenaber 26, 1990, it ve.s agreed that the safety assessment
performed by Yankee on the preliminary fluence values be submitted on
September 28, 1990 and that the final updated fluence analysis would be
submitted within 60 days of the telecon.

pfD |v / ), (1f?A
-*

,
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United States Nuclear Reputatory Commission September 28, 1990
Attentient Mr. William kurse11 Fage 2

DYR 90-128

Safety /.ssessment

A saf ety assessment was perf ormed to determine the ef f ects of the
preliminary updated fluence values on previous PTS analyses. The assessment
first determined the 1990 reference temperatures f or the beltline raterials.
Then, using these ref erence temperatures, PTS f racture mechanics analyses were
perf ormed f or each material to obtain their conditional f ailure probabilities.

The reference temperatures were determined using the updated fluence
: values. The tethod for calculating the fluences in the axial and asimuthal

directions was the same as described in Yankee's Reactor Vessel Evaluation
Report (Reference (c)). The resulting fluence distribution is shown in
Table 1. The ref erence temperature values f or the beltline materials were ', s.
calculated using the nethods contained in the NRC Safety Assessment.

1. Upper Plate

The ref erence teeperature estimated by the NRC f or the upper plate is
based on a peak fluence of 2.3 x 1019 n/cm and the evaluation of

! G. R. Odette. Odette estLmated the shift in reference temperature to be
245'T. To be consistent with this approach, the trend curve for Yankee
surveillance data has been increased by 60'T as shown in figure 1 to

' reflect a 245'T shift at a 2.3 x 1019 n/em fluence. Application cf the i

new fluence distribution from Table 1 and use of the revised trend curve.
Figure 1 results in the reference temperature distribution as shown in
Table 2 f or the upper plate.

2. Lower Plate
i

In the NRC Safety Assessment, the NRC esticated that the increased nickel
content in the lower plate would contribute an additional 80'T above the ;

i 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, ar.d addition of 80'T results in the ref erence

temperature distribution for the lower plate as shown in Table 2.

3. Circumferential and Axial Welds
,

The NRC estimated the reference temperatures for'the circumferential and
axial welde using Regulatory Guide 1.99, Revision 2 methodology; bounding
values for copper and nickel of 0.35 vt.% and 0.70 wt.l. respectively;
and 50*T for the irradiation temperature effect. Application of the
updated . fluence distribution for the welds f rom Table 1, use of
Regulatory Guide 1.99, Revision 2 methodology, and addition of 50'T ,

results in the reference temperature distributions for the welds as shown
in Table 2.

The ref erence temperatures for each material were input into the VISA II
Code as before. The distribution of input parameters, flaw density using the
Marshall distribution, flaw length, assumption of one flaw per beltline
material, and number of simulations were identical to previous submittals to

- the NRC.

.

1

O
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United Staten Nuclear Reguletory Conmission September 28, 1990
Attention: Mr. William Russell Page 3

BYR 90-1: 8
,

The f racture mechanics were run with the limiting thermal hydraulic
parameters f rom all three accident categories (small break LOCA, main steam
line break, and transient). The small break LOCA was dominant because it had
the highest combination of conditional failure probability and event
frequency. As provided in Table 3, the results indicate a conditional failure
probability of 2.75 x 10-2 The limiting material is the upper axial weld.

The results are till within the bounds assumed by the NRC in its Safety
Assessment, i.e. 10- to 10-2 f or conditional f ailure probability. There are
some conservatisms used in the calculation for the axial weld which should be
taken into account in assessing the results. First, one flaw is assumed in
each axial weld for fractura mechanics. The volume of the veld paterial is

very small, and one flaw in the upper axial weld is equivalent to
approximately 50 flaws per cubic meter. Second, the axial velds are located

between the cold leg nozzles which sew higher temperatures then below the
nozzles. The beltline area, including the axial welds, was assumed to see the
same cold temperatures for the analysis. Third, the thermal hydraulic
conditions assumed were stagnated flows during the entire event which results
in the coldest temteintures for tnc longest times. Tourth, the axial weld
ref erence temperatures are based upon bounding espper and nickel contents of
0.35 wt.1 copper r.nd 0.70 wt.% nickel. A sensitivity study was performed to
assess the change in fracture mechanics results if the copper and nickel
content were 0.30 vt.1 and 0.70 wt.t. respectively. The results show that the
conditional failure probability decreases to 7.6 x 10-3 Therefore, the

results are highly stnsitive to tr.e copper and nickel assureptions.

Based on the results described above. Yankee concludes that startup and
operation of the plant are justified for the fol.owing reasonst

1. It is very unlikely that Yankee would experience a PTS event. The design
features on which this conclusion is based are not affected by the change

in fluence.

2. The PTS conditional fsilure probability with the new fluence distribution
is within the bounds assumed by the NRC in its Safety Assessment.

3. The upper axial veld is the limiting material for PTS. Its reference
temperature is based upon bounding copper and nickel content. The
results are stinsitive to the chemistry centent, and if lower copper
contents are identified, better results are obtained.

4. The conservatisms associated with the flaw density within the upper axial
weld, the thermal hydraulic conditions assumed for the small break LOCA,

*

and the location of the axial welds between the cold leg nozzles would
provide margin for any remaining uncertainties.

Based on the above, Yarkee concludes that reasonable assurance of the
Public health and safety continues to be provided.

l

.

_ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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United States Nuclear Regulatory Comission September 28. 1990
Attention: Mr. William Russell Page 4

BYR 90-12 8,

Additional information

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

Sincerely,

cb
'

John D. Baseltine
Director
Yankee Project

JDH/gjt/WPP77/186

Attachments

cc P. Sears (NRC. h1R)
R . We s sman (NRC . h7Jt )
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fable 1
i

fluence Distributim f or lettllrie materials

l..e . .e ,e et Zi.m ,,,, 2.6 e19 ~. !
i

l

A 2 I It U T N A L VAR |Af10m Antal belc.s

0 te 1 1 t e 10 10 te it il te 20 to ee 25 25 to 30 30 to 35 to 40 40 ee 45 te ee 45

10 to 20 0.360 0.376 0.390 0.3 75 0.332 0.280 0.2 - | 0.202 0.187 0.187
20 to 30 1. U 6 1.192 1.339 1.287 1.161 0.960 0.6L4 0.695 0.641 0.6 1
30 to 40 1.949 2.037 2.111 2.029 1.7M 1.114 1.271 1.096 1.011 1.011
40 to 50 2.222 2.323 2.408 2.314 2.0$1 1.724 1.649 1.250 1.153 1.153

% of metget 10 to 60 2.333 2.44i 2.530 2.431 2.115 1.814 1.1 23 1.113 1.212 1.212
60 to 70 2.33) 2.441 2.530 2.431 2.155 1.816 1.30 1.3 13 1.212 1.21!
70 to $3 2.600 2.509 2.600 2.499 2.215 1.864 1.$65 1.369 1.265 1.241

80 to 90 2.35' 2.444 2.513 2.41' 2.175 1.831 1.537 1.3 25 1.223 1.223
to to ico 2.33Sl 2.441 2.130 2.431 2.155 1.814 1 .5 23 1.313 1.212 1.2'I

OIPs Weld 2.136 2.233 2.316 2.224 1 .9 72 1.659 1.393 1.201 1.1C8

35 to 'OLemer , tete i

O t o 10 2.136 2.233' 2.31' 2.224 1.9 72 1.655 1.393 1.201 1.108 1.201

1 of eefs%t 10 to 20 1.68: 1.756 1.820 1.749 1.lli 1.30$ 1.096 0.945 0.8 72 0.9'S
20 to 30 0.970 1.014 1.050 1.009 0.895 0.733 0.632 0.545 0.503 0.541

3") t o 'O 0.168 0.176 0.182 0 .1 75 0.115, 0.130 0.110 0.D94 0.087 0.094
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table 2

keen taference tesursturee Based on sev fluence Calculotten

test Fluence et 21.64 f f Pt e 2.6 ett n/cm2

A2ImUtNAL vat |At10W Aalet betes

0 to 1 1 to 10 to to il 15 to 20 20 to 25 fl to 30 30 to 3135 to 40 &O to 41 40 to 45
Upper Plate

10 to 20 ' til 118- 122 118 its 99 *96 e96 e96 ifl

23 19 30- 203 205 208 20$ 197 it$ 172 163 157 244
30 to 40 135 2.37 260 237 !!$ 210 20$ - 195 188 277
60 to 50 -243 265 250 245 136 225 213 203 197 265

% of meiemt 50 to 60 .268 t$e !!! !$0 240 230 217 205 200 209
60 ta 70 248 250 !!! tl0 240 130 21F 209 200 tot
70 to 80 250 !$2 til til R&3 231 218 208 204 .290
to to 90 247 250 13 3 !$ 0 261 23 0 217 206 202 289
e0 to 100 2&l !&8 tit !&B 240 Z30 216 205 foi tio

Circ Veld 323 326 328 - 326 319 304 297 ISS 283
_

I .

LDeer Plate 3% to 63
0 to 10 320 313 325 323 N 303 288 280 - 275 268

1 of esight 10 to 20 304 306 310 301 294 ISS 275 265 - 13 8 273

20 to 30 265 .'.3 7 272 267 260 268 235 225 120 23 8

_
30 to to este eife i etf6 *176 e176 et?6 e176 ' *176- ette 142

,

hotet to determine the reference temperetare, en inittet temereture of 30F for platee-
ers.10F f or welce sust be seced to these asen reference tesperatures. '
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Table 3,

i

PTS Fracture Mechanics Results !
|

1990 Peak Fluence Peak Reference Conditional Failure
( x 1E+19 n/cs-2) Temperature -F Probability

Upper Plate 2.6 285 2.8 E-03

Lower Plate 2.31 355 6.6 E-05

Circ. Wald 2.31 338 6.8 E-04

Upper Axial Wald 1.24 300 2.4 E-02

Lower Axial Wald 1.2 298 2 E-05
2.75 E-02

.
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Table 4 I

.

Volume and Inside Surface Area of Beltline Materials

!

Volume (ft.-3) Inside surface Area (in.-2)

Upper Plate 124 25434

'Lower Plate 46 9470

Circ. Weld 3 300

Upper Axial Weld 0.63 66

Lower Axial Wald 0.24 25

.
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UNITED STATES KUCLEAR REGULATORY C0KMISSION !

YANKEE _ ATOMIC E11CTRIC COMPANY ,

YANKEE (R0kT) hTCLEAR PokTR STATION

DOCKET NO. 50 029

NOTICE OF RECEIPT OF PETITION UNI,IR 10 CFR 2.206

L

Notice is hereby given that the Director, Office of Nuclear Reactor
4

Regulation, acknowledges receipt of a petition filed jointly by the Union of

Concerned !ctentists and the New England Coalition on Nuclear Pollution pursuant

to 10 CFR 2.206 for emergency enforcement action against Yankee Atomic Electric
,

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 operating 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. Hurley, dated June 25, 1991,
;

the request for immediate relief has been denied.

A decision concerning this petition will be addressed in i final decision
.

in the near futurc.

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.,

Washington, D.C. 20555.
,

Dated at Rockville, Maryland, this 25th day of June,1991.

FOR THE hTCLEAR REGULATORY C0t911SSION

f >> l *L-7 ... --

Thomas E. Hurley, Director
Office of Nuclear Reactor Regulation
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