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Objective FUSNRG

« Compare trend curves
— Reg Guide 1.99 Rev 2
— 10 CFR 50.61(a) (also known as “EONY”)
— WR-C(b)

 Assess how well they each predict data not used In
fitting

« Compare curves to each other




Outline FLUSNRC

» Review of trend curve equations
 Databases for assessment of equations
+ Assessment of blind predictive capabilities

» Comparison of trend curve predictions to each other

» Conclusions




Reg Guide 1.99 Rev. 2 “SUSNRC
ATg() _ (CF) f (0.28-0.1log 1)

» CF: Chemistry factor
— Depends on Cu, NI, product form

* f: Fluence factor
— Fluence / 10%°

* Fit by [Randall 1987] to 177 AT, data from power
reactor surveillance programs
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10 CFR 50.61a FUSNRG
(EONY) Procsing Pl nd b Emiormen

AT,, = MD+CRP
MD = A(1-0.001718 T L+ 6.130PMn>*™ /e

11
CRP =B(1+ 3.769Ni1-191)($] f(Cu,, P)g(Cu,, Ni, @)

... terms defined in the paper

« MD: Matrix damage
— Dependson T, P, Mn, @, ¢, product form

« CRP: Copper-rich precipitates
— Depends on Cu, Ni, T, P, Mn, @, ¢, product form, vessel
manufacturer, weld flux type

» Fit by [Eason 2007] to 936 AT, data from powe il

reactor surveillance programs '
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WR-C(5) HUSNRG

MIN(Cu, 0.35) — 0.05
— XM+ B

0

AT30 —_ MAX

* M: Copper dependent term
« B: Copper independent term

* Fit by [Kirk 2010] to 2561 AT,, and AYS data from
power reactor surveillance programs (US and non-
US), and from test reactor irradiations




WR-C(5) X USNRC

MIN(Cu,0.35) — 0.05
AT3O == MAX — B
0

MW == 093 (Ni)1'155 0.28

M =) Mp = 0.96 [MAX(MIN{[In(®) — In(1.67 x 10'7)] - 171.3§733.5] 0) ] :
_ 550 0.63
M = 0.68
By =1.12 0. 0.865
P (Ni)

B=|Bp = 1056] {9.78 x 10710 . 05564} . [ ] [—] [ ] [ ]

By = 0925 550 0.012 0.63 1.36
o = 0.0730p%18

Copper dependent term

v Operates over restricted range of Cu
v’ Saturates at 1.2x10%° n/cm?

v Depends also on Ni, temperature, product form
v’ Does not depend on flux




WR-C(5) X USNRC

Protecting Peaple and the Environment
MIN(Cu, 0.35) — 0.05
AT3O = MAX — X M =
0

My, = 0.93 T 1-3.84 (Ni)1155 0.28
M = |Mp = 0.96 | MAX(MIN{[In(®) — In(1.67 x 107)] - 171.3,733.5},0) - l—] : ]
My = 0.68 550 0.63

By = 1.12
B =|[Bp = 1.056} {9.78 x 10710
Br = 0.925

0.138

o=0.0730 _
Copper independent term

v' No fluence saturation, roughly Y® dependence
v' Depends also on Ni, temperature, P, Mn, product form
v’ Does not depends on flux . ]




WR-C(5) HUSNRG

MIN(Cu, 0.35) — 0.05
AT3O == MAX — X M + B
0
My, = 0.93 T 1-3.84 (Ni)1155 0.28
M = |Mp = 0.96 | MAX(MIN{[In(®) — In(1.67 x 10'7)] - 171.3,733.5},0) - l—] C|—
_ 550 0.63
Mr = 0.68
By = 1.12 —4.74 0.24 10.86570-48 0.15
T P (Ni) Mn
B=|Bp = 1.056‘ - {9.78 x 10710 . @0-5564}. l—] - [—] - [—] - l—]
By = 0.925 550 2000.012 0.63 1.36 —
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Data for Blind Assessment <% USNRC

United Srates Nuclear Regulatory Commisslon

of ETC Accuracy e —

 for WR-C(5)
— 367 shift values recently reported in literature
« 240 power reactor, 27 test reactor

 for Reg Guide 1.99 Rev 2 & 10 CFR 50.61a

— The WR-C(5) assessment set ... plus

— The WR-C(5) fitting data that did not come from US power
reactor surveillance

» 1992 total
* 794 power reactor
» 1198 test reactor




Accuracy Assessment < ¥ USNRC
Metrics

AT, Predicted -Measured [°F]

ly=-12.632x+554.41

200

R?=0.1063

United Srates Nuclear Regulatory Commisslon

Slope of prediction
residual vs. fluence

B ° f;M --t'B (All) o 0 8
- e aa— Inear D
] I 2 0
1x10Y7 1x10*8 1x10%° 1x10?° 5x10%°

Fluence [n/cm?, E > 1 MeV]

-> Negative slope indicates
trend toward under-
prediction at high fluences




Accuracy Assessment <& USNRC

United Srates Nuclear Regulatory Commisslon

Metrics P e nd e o

ly=-12.632x+554.41
R2=0.1063
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- Should be less than 4.6%

AT, Predicted -Measured [°F]




Reg Guide
1.99 Rev. 2

Accuracy
Assessment

» Tendency to under-
predict more as
fluence increases

* More than the
expected # of values
are under-predicted

» Same outcome for
both power & test
reactor irradiations

AT,y Predicted -Measured [°F] AT, Predicted -Measured [°F]

AT, Predicted -Measured [°F]
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y=-8.0578x +348.34

R?=0.0587

ATz Prediction: RG1.99R2

Reactor Type: Power & Test

Data Plotted: 1625

______Count below -25: 135_

% below -25: 8.3%

Expected % below -25: 4.6%

Acutal / Expected: 1.8

-200 1
-250 1

y=-12.264x +538.55

R%=0.1022

ATz Prediction: RG1.99R2

Reactor Type: Power

Data Plotted: 454

Count below -2¢: 31

% below -25: 6.8%

Expected % below -2¢: 4.6%

Acutal / Expected: 1.5
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ATz Prediction: RG1.99R2

Reactor Type: Test

Data Plotted: 1171

Count below -25: 104

% below -25: 8.9%

Expected % below -25: 4.6%

Acutal / Expected: 2.0

Dataset: WR-F(31)
Calibration data with
USLWR surveillance
data removed

1625 datum)




y=-11.862x +504.59

10 CFR

ATgg Prediction: 10CFR50.61a
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WR-C(5)
Accuracy
Assessment

« Slight tendency to
over-predict as
fluence increases

« No more than the
expected # of values
are under-predicted

» Same outcome for
both power & test
reactor irradiations
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200
150
100

50 1

-50

-100
-150 A
-200 1
-250 A1
-300

200
150
100

50 1

-50

-100
-150 A
-200 1
-250 A1
-300

200
150
100

50

-50

-100
-150 1
-200
-250 1
-300

y=4.7921x-200.38

I R?=0.0741

y=5.3559x-223.5

R%=0.0906

= Ol Tl ]
= ‘I.‘I-.» i-:-'ﬂ.‘,f"«:_‘:'ﬂ £

B e =T oo ws " hoany i AA LY

B LT | mr 0 T T0 LA
o Do, SO HA
X

s =
H - Al o w <
] B P A F c
O SRM - =B o
(= = uB e | inear (All)

y=16.371x-743.58

R?=0.0552

ATz Prediction: WR-F(31)

Reactor Type: Power&Test

Data Plotted: 367
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Data Plotted: 340
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Summary FUSNRC

United Srates Nuclear Regulatory Commisslon

Accuracy Assessment Proteting Peope and the Ensirrmens

12 -

] * Relative to data not

1 used In their

' sssweveceavae Gl IDrAtION:

_ I — Reg Guide 1.99 Rev 2
_ , , and 10 CFR 50.61a
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ETC &> ETC HLUSNRC
Comparison e i

» Assessment of blind predictive accuracy shows that
WR-C(5) Is a more accurate representation of all
available data than either of the other trend curves

» Both Reg Guide 1.99 Rev 2 and 10 CFR 50.61a trend
curves are therefore compared to WR-C(5) for the
licensing basis conditions of practical interest to the
currently operating (US) fleet

— As represented by RVID database
— Comparisons made at 80 years of operation
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10CFR50.61a

Compare to WR-C(5)
at 80 years

* Only forgings show a
significant trend
toward increasing
under-prediction as
fluence increases
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Composition of Forgings®f USNRC

Compare to WR-C(5) at 80 YEAIS A tormmon
» Restricted to Cu<0.17, o

Ni>0.4
» Shows that region of
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Conclusions K USNRC

* Relative to a data set that includes world-wide
surveillance data, and test reactor data on
embrittlement shift caused by neutron irradiation, the
WR-C(5) ETC provides better accuracy at high
fluences than the ETCs found In either of the
following:

— Reg Guide 1.99 Revision 2

— 10 CFR 50.61a

» Region of non-conservative predictions is limited to
materials having copper contents below 0.17 weight

percent — il

———), 2




