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Omaha Public Power District
1623 HARNEY a OMAHA, NEBRASMA 68102 e TELEPHONE S36 4000 AREA CODE 402

July 16,1982
LIC-82-259

Dr. Stephen H. Hanauer, Director
Division of Safety Technology
V. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Reference: Docket No. 50-285

Dear Dr. Hanauer:

Pressurized Thermal Shock (PTS)

In the District's previous letters, a have made a number of recom-
mendations regarding the long-term resolution of the PTS issue. One
area where we made specific recommendations was in the method used to
determine the RTNDT value for the reactor vessels under consideration.
Our basic recommendation for high copper-high nickel vessels was to use
a best estimate value in the initial determination of RTNOT and to
predict the RTNDT shif t using the curves in Regulatory Guide 1.99, which
would result in an upper bound value of current RTNDT-

In the June 23, 1982 meeting with the CF Owners Group, the NRC
staff also presented a method for determining plant values of RTNDT-
It is our understanding that the method proposed would use a best esti-
mate value of initial RTNDT, predict the shift in RTNDT using the
Guthrie equation, and then add an additional factor of 590F which is
based on the standard deviation of generic initial RTNDT data and the
standard deviation of the Guthrie equation. It is our understanding
that this method would also consider Regulatory Guide 1.99 as an upper
bound for the shif t prediction.

We have reviewed the staff's method and believe that it is com-
patible with the method we have proposed, particuarly in the area of
predicting the RTNDT shift. However, the District also believes that
the 2 sigma uncertainty factor included in the staff's calculation is
not applicable to the Fort Calhoun Station. It is our understanding
thet this uncertainty factor would be applied to all plants for which fg
drop weight test data does not exist. While drop weight test data does fj
not exist for Fort Calhoun's reactor vessel welds, a significant amount
of Charpy test data does exist. Using this Charpy test data, a best
estimate initial RTNDT can be determined. Two methods for a more ac-
curate determination of initial RTNDT from this Cherpy data have pre-
viously been presented in CEN-189 and at the June 23, 1982 meeting.
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Both of these methods justify the use of the best estimate value of
initial RTNDT as presented in CEN-189 without adding an uncertainty
factor. Both of these methods are summarized in the enclosures to this,

letter. We request that these methods be considered together as a'

justification for the use of a best estimate value of initial RTNDT for
the Fort Calhoun reactor vessel material.

The value of RTNDT f r the. Fort Calhoun reactor vessel as ofDecember 31, 1981 is given by the equation:

RTNDTj + RTRTNDT
=

ilDT ,99i
2130F-50 + 263RTNDT

= =
,

is the best estimate initial value of RTNDT and RTNDwhere RT
NDTjNDT shift value as determined by the upper bound curve oJ) ggis the RT

Regulatory Guide 1.99.

Detailed sumaries of the two methods used to establish the initial
; value of RTNDT for Fort Calhoun form the enclosures to this letter.

Sincerely,

!(p|C
W. C.<Dones
Divist'on fianager
Production Operations

cc: LeBoeuf, Lamb, Leiby & MacRae
1333 New Hampshire Avenue, N.W.
Washington, D.C. 20036
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Enclosure (A)

At the June 23, 1982 meeting with the CE0G, the NRC staff proposed a new method
This enclosure provides our comments based on a briefto calculate RTNDT.

review of the proposed method. As you recall, the CE0G presented cur
recomnended method of predicting current and future RTNDT values at the June
23 meeting, which was basically to use best estimate initial RTNDT and the
Reg. Guide 1.99 shift as an absolute upper bound shift.

The p. 'osed NRC method, to be applied to plants for which drop weight test
is understood to be asdata is r~ available for definition of initial RTNDT

follows:

RTNDT = TNDTi + ARTNDTG + 2 +89

where: RTNDT = adjusted value
0

RTNDTi = -56 F (mean value of all data)
ARTNDTG = Guthrie shift prediction value

(i = 17 F (std. dev of RTNDTi)
0

69 = 24 F (std. dev, of Guthrie shift)0

The value of the term is + 59 F.

The proposed NRC method does not recognize the two-slope characteristic of
Reg. Guide 1.99 which distinguishes between low and high fluence shift rates,
however, this proposed NRC method does consider the high fluence upper bound

aspects of Reg. Guide 1.99. If the Guthrie shift prediction value is greater

than Reg. Guide 1.99 in the high fluence region, then the Reg. Guide value is
to be used and the standard deviation of the Guthrie formulation is eliminated,

i.e.: if: /lRT
NDTG 7ARTNDT-I 99

then: RTNDT * NDTi + ARTNDT-1.9) + 2fi

For example, using the current (12/31/81) fluence value and materials chemistry
for Fort Calhoun:

ARTNDTG = 241 F

.
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0
ARTNDT-1.99 = 263 F

Therefore: 6 RT 4ARTNDT-1 99NDTG

0 0
so that: RTNDT = (-56 F) + (241 F) + (59 F) = 244 F
by the proposed NRC method.

However, we believe we have demonstrated that the Reg. Guide 1.99 shift
prediction is more of an absolute upper bound than merely an upper bound of the
Mean, as illustrated by the data ploted in Enclosure (B). This plot was
presented at the June 23,1982 CE0G/NRC meeting. Therefore, the proper

comparison should be betweeno RTNDT-1.99 and (aRTNDTG + 26g) in order to
compare upper bound values. Using this approach with the Fort Calhoun
parameters would yield:

ARTNDTG + 2(g = (241 + 48) = 289

Therefore, RTfiDTG + 2(g > RTHDTi,gg

so that: RTNDT = (-56) + (263) + 2(17) = 241 F

This 241 F is not very different than the 244 F value calculated by the proposed NRC0 0

method, but it clearly identifies the area of uncertainty to be the initial
RTNDT value, not the shift prediction method. Too much attention has been

f focused on the shift prediction methodology in the least susceptible copper and

| fluence ranges.

|
Turning attention now to the initial RTNDT value, it is understood that the
mean-plus-26 initial RTNDT value is meant to apply to materials for which

| insufficient test data exists to define a more accurate value. Although drop

weight test data for the Fort Calhoun weld materials do not exist, CharpyI

impact test data are available which exhibit excellent toughness
characteristics. The Charpy test data have been used to calculate ef fective

| initial RTNDT values of lower than -500F by two independent methods. We
therefore believe that there is sufficient test data available to define initial
RTNDT values more precisely than the proposed 26 uncertainty band for the Fort

Calhoun vessel materials.

!
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The first method of defining the initial RTNDT was reported in CEN-189. This
method utilizes the ASME Code (NB 2330) approach to establish a Charpy 50 ft-

Ib, 35 mils lateral expansion temperature (Tcy)andthen subtracts 600F to
define RTNDT*

0- 60 FRTNDT = Tcv

The Fort Calhoun vessel weld materials exhibited greater than 50 ft.-lbs (61 ft-
0 0

Ibs and 57 ft-lbs) at + 10 F. Using + 10 F as T and subtracting 60 Fcv
0

results in an effective initial RTNDT Of -50 F.

f r Fort Calhoun is basedThe second method used to define the initial RTNDT
on using the Rolfe/Novak/Barsom relationship to calculate the effective KIC

0 fr m thevalue from the Charpy energy at 10 F, and then calculating RTNDT

The RTNDT versus KIC curves usedASE-XI curves of RTNDT versus KIC.
were developed for weld materials, as described in Enclosure (C). The
Rolfe/Novak/Barsom methodology was presented at the June 23, 1982 CE0G/NRC

meeting, as sumarized in Enclosure (D). Using this method, the 10 F Charpy

test data (61 ft-lbs and 57 ft-lbs) equate to initial RTNDT values of -
0 0-54 F and -50 F for the controlling welds in the Fort Calhoun reactor

vessel.

Based on this work, we continue to recommend the use of an initial RTNDT
0value of -50 F for the Fort Calhoun vessel welds. This combined with the

0Reg. Guide 1.99 upper bound shift prediction value of 263 F results in a
0

current (12/31/81) RTNDT value of 213 F for the Fort Calhoun vessel welds.

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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Enclosure (C)

A review of the ASME Section XI KIC and Kla curves was performed by C-E
with regard to the existing fracture toughness data base and to available data
on C-E reactor pressure vessel materials. Figures 1 and 2 are displays of the

and KIC curves, respectively, with supporting data, as shown in FiguresKla
C-1 and C-2 of EPRI NP-719-SR (Reference 1), a report describing the original
data base and lower-bound curve methodology.

lower bound toughness curve), a distinction between plateIn Figure 2 (KIC
and weld materials is apparent, with weld material consistently conservatively

estimated by the Section XI KIC curve (above -150F (T-RTNDT)). When
examining the original sources for the data in Reference 1, it was discovered
that all non-HSST02 data in Figure 2 were erroneously plotted. In an effort to

make a correction to Figure C-2 in Reference 1 (Errata for Subject Report,
April 14,1980), the authors made an error which shifted all data to the right
by +40F. This error in no way affects the derived V'IC reference curve since
the HSST02 data is correct. The weld data in Figure 2, is therefore, really
40F further to the left, thereby demonstrating the conservatism of the KIC
lower bound curve for weld data. The distinction between plate and weld data

and the conservatism of the KIC curve to weld data can also be found in the
data reported in Reference 2.

Figure 3 sumarizes the lower bound data trends in Reference 2 for 5 heats of C-
E A5338-Class 1 plates (approximately 45 data), 4 heats of C-E submerged-arc
welds (approximately 24 data) and 4 heats of C-E consumable electrode weld
materials (approximately 22 data). Above -60 F (T-RTNDT) all weld data had
consistently greater fracture toughness than plate, with manual welds greater
at all temperatures. The Section XI KIC curve was also conservative with
respect to the 5 heats of representative C-E A5338-Class 1 plate.

Figure 4 displays pertinent submerged-arc weld data with respect to the ASME
Section XI K lower bound curve. Only selected data are plotted to ensure

IC
the clarity of the presentation. Data include the lower bound weld data
(originally 21 data total) used in the KIC curve derivation (from Figure 2
corrected by 40F), C-E submerged-arc welds deposited with Linde 0091 and Linde

80 weld flux types (from Reference 3, 9 data total). No significant variation

in fracture toughness is apparent within the linear-elastic region between
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welds of Linde 0091 or Linde 80 flux types (as also concluded in Reference 3),
nor is there significant variation between C-E and B&W welds. However, one B&W
weld (37 ksid at -100F) is most limiting with respect to ASME Section XI,

IC lower bound curve and to the remaining weld data population. Two lowerK

bound KIC curves can be derived from the weld data. Ignoring the most

limiting B&W weld data point and curve fitting the remaining lower bound data,

a weld KIC lower bound curve is derived by computer regression analysis:

KIC = 30.0 + 2.780 exp [0.0128 (T-RTNDT + 244 F)] Eq. 1

lower bound curve would exhibit a 100 KS! Yin crack initiationThe weld KIC
toughness approximately 40'F (T-RTNDT) less than the " plate" KIC reference
cu rve . By taking into account the most limiting B&W weld, a second weld K IC
lower bound curve can also be derived using computer regression analysis:

KIC = 30.1 + 1.675 exp [0.0171 (T-RTNDT + 1950F)3 Eq. 2,

resulting in a-weld 100 KSI[I~n initial toughness approximately 300F (T -

RTNDT) less than the " plate" Section XI KiC reference curve. Equation 1
can be supported over Equation 2 because:

1. Equation 1 is most representative of the weld data population, and

2. The derivation of the " plate" Section XI KIC 1 wer bound curve (Figure 2)
also allowed one data at -150F T-RT temperature to fall below the

NDT

Curve.

REFERENCES

i

1. T.U. Marston, " Flaw Evaluation Procedures & ASME Section XI," EPRI NP-719-

SR, August,1978, Errata for Subject Report, April 14, 1980.

2. T.U. Marston, Fracture Toughness of Ferritic Materials in Light Water
Nuclear Reactor Vessels, October 13, 1975, MM1-75-152.

3. W.A. Van Der Sluys, et al, Determining Fracture Properties of Reactor
Vessel Forging Materials, Weldments and Bolting Materials, EPRI NP-122,
July, 1976.
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Enclosure (D)

The following slides were presented at the June 23,1982 CE0G meeting with the
NRC, showing the method to convert available Charpy impact data to equivalent.

based on the work of Rolfe/Novak/Barsom.1, 2 Use of this conversion
RTNDT

method yielded estimated RTNDT values equal to or better than those derived
using the method described in CEN-189. Furthermore, the variation of RTNDT

between materials was consistent for both conversion methods. Based on the

i
excellent agreement between these two independent estimation methods, the

estimated initial RTNDT values are sufficiently accurate to obviate the need
for applying additional conservatism in the form of the 2(funcertainty factor,

i

i

1. ASTM STP 466, June 1969.

2. EPRI NP-372, May 1977.
.

.
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RT g SHIFT PREDICTIG E

BEST ESTIMTE RTg FOR WELDS

.

- CmCLUSIONS -

- USE T P/N/B RELATIONSHIP AfD SECTION XI KIC
CURVES YIELDS VERY Lai RTg ESTImTES

- USE & R/N/B PLUS WELD SPECIFIC K;g CURVES
-

YIEI.DS RTg ESTISTES CONSISIBIT WITH

CEN-189 RTg ESTImTES

.
- USE & -20F RTg FOR IllITIAL WELD TOUC-HIESS

14ILL YIELD SIGNIFICRiT UNDER-ESTIPATE

F CRACK INITIATION TOTHIESS

- CEN-189 BEST ESTIPAE INITIAL .Uf0T VALUESUSED

.

INCONJ111CTIONWITHASMECODE,SECTIONXI

CURVES '4ILL YIELD CDNSERVATIVE ESTIPATES Oc CPACK

IllITIATION TOLGfESS PROPERTIES

,

PECUTE0ATION

- USE CEN-189 BEST ESTIME INITIAL RTg VALUES FOR

EVALUATING C-E VESSEL PROPERTIES RELATIVE TO

REGULATORY POSITION RTg LIMITS
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