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1.1 . Backaround

The surge 1ine in B&W 177 fuel assembly (177-FA) plants 15 approximately 50 feet
of piping which connects the pressurizer lower head and the reactor cooiant hot
leg piping D~*‘ng plant operation, the reactor coolant system (RCS; is
pressurized with a steam bubble in the pressurizer. Thus, the pressurizer
contains saturated fluid while the remainder of the RCS 15 subcooled with
temperatures cooler than the pressurizer fluid. During normal plant operation,
this temperature difference 1s less than 50°F. However, during plant .eatup and
cooldown conditions, the temperature difference can be much higher. The surge
line 1s the fluid flow path through which the pressurizer accommcdates changes
in RCS liguid volume, When the reactor coolant pumps are operating, there is
normally a small outflow from the pressurizer due to continuous pressurizer spray
flow through the spray bypass 1ine. During plant heatup and cooldown conditions
the surge Yine accommodates a significant number of fluid exchanges between the
pressurizer and RCS.

Due to Jdifferences in density, the fluid temperature can vary in the horizontal
surge line piping sectionc from top to bottom with the warmer fluid located above
the more dense (cooler) fluid, This phenomenon, known as thermal stratification,
is most pronounced during outsurges from the pressurizer. During an insurge or
outsurge under stratified conditions, thermal striping may occur at the fluid
layer interface. Thermal striping is a rapid oscillation,of the thermal boundary
interface caused by interfacial waves and turbulence effects. The original plant
design fatigue analyses di1 not account for thermal stratification cycles in the
pressurizer surge line, which causes additional bending muments in the piping,
nor did the analyses account for thermal striping which affects the fatigue usage
at the inner surface of the pipe.

To assure pressurizer surge line integrity for the 40-year design life of
pressurized water reactors (PWRs), the Nuclear Regulatory Commission issued NRC
Bulletin Number 88-11, Pressurizer Surge line Thermal Stratification (December
20, 1988). This bulletin requires certain actions of licensees of all operating

pressurized water reactors. The applicable actions are paraphrased below:
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la. At the first available cold shutdown after receipt of the bulletin, and
which exceeds »even days, conduct a visual inspection of the pressurizer
surge line.

1b.  Within four months of receipt of the bulletin, licensees of plants in
operation over ten years are reqguested to demonstrate that the pressurizer
surge 1ine meets the applicable design codes and other FSAR and regulatory
commitments for the licensed life of the ,.ant, considering thermal
stratification and thermal striping in the fatigue and stre.s evaluations;
or provide the staff with a justification for continued operation while a
detailed analysis of the surge line is performed that implements items 1¢
and 1d below.

¢, If necessary, obtain plant specific surq> line thermal and displacement
data. Data can be obtained through collective efforts if sufficient
similarities in geometry and operation can be demonstrated,

4. Update the fatigue and stress analyses to ensure compliance with the
applicable Code and Regulatory requirements within two years of receipt of
the Bulletin or submit a Justification for continued operation and a
description of the proposed corrective actions for effecting long-term
resolution,

A portion of the B&W Owners Group program was presented to the Nuclea  Reguiatory
Commission Staff cn September 29, 1988 and April 7, 1389, n interim evalustion,
BAW-2085, dated May 1989, provided the staff with a justification for near term
operation for all of the operating BAW 177-rA plants (Reference 3). Tie NRC
conciuded that sufficient infecrmation had been provided to justify near term
operation for BAW plants until the final report could be completed (References
4 and 15).

The final report for the lowered loop plants was completed and submitted to the
NRC in December 1990 (Reference 1). Supplement | to this report, describing the
plant-specific ¢nalysis and providing a basis for a Justification for Continued
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2.4 Verification of Shakedown by Use of the Bree Diagram (lowered-loop plants)

ahakedown has been demonstrated for the most severe cyclic loads wnich lead to

distortion. The most severe cyclic loads have been defined in the previous
fatigue evaluation of the surge 1ine (Reference 1). In the most severe heat-up
to be analyzed (associated with early plant life operation), the primary stress
effects due to internal pressure become significant only at the end of this hest.
up. At that time, the tust severe thermal stratification peak stresses (which
occur at the beginning of the heat-up) have been established and have shaken
down. A Bree Diagram has been built for the surge line location undergoing the
largest strain. On this Bree Diagram, the most severe thermal stratification
cyclic loads (analyzed in the elastic-plasti -* - fown analysis) have been shown
to be the contrelling conditions for shakec . +n compared to other conditions
during the same heatup transient. Also, on the same Bree Diagiam, all of the
stress points corresponding to the thermal stratification Peaks have been shown
to be acceptable. This again demonstrates that shakedo  has occurved in the
surge line,

2.5 Verificaticn of Shakedown for Davis-Besse Unit 1 Surge Line

A separate analysis to demonstrate shakedown of the [avis-Besse (raised loop
plant) pressurizer surge line was not performed. The following is justification
that the shakedown anal sis results for the lowercd loop plants provides bounding
results for the Davis-Besse raised loop plant.

The lowered and raised loop surge lines have the same pipe size (10 inch,
schedule 140) and the same material, with similar length and flexibil "y. Based
on BAK-2127 and BAW-2127 Supplement No. 1 (References ] and 7), the most severe
thermal bending stress range (equation 12) for the Davis-Besse @ line was
less than that of the lowered loop plants. The ratino of eibow in-plane to out-
of-plane moment was also lower for Davis-Besse. Therefore, the plastic strain
results in the Davis-Besse surge line elbows would be lower than the results from
the analyzed lowered loop plant. This has been illustrated on a Bree diagram,
where the corresponding thermal stratification peaks for the most severe Davis-
Besse surge l1ine heatup transient were lower than those analyzed in the elastic-
plastic shakedown analysis of the lowered loop plant surge lines. Thus, the
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3. FATIGUE ANALYSIS

The total cumulative fatigue usage calculated in References 1 and 7 consisted of
the sum of:

1) Main Fatigue Usage (Shakedown and Post-Snakedown Fatigue)

and

2) Additicnal Fatigue Usage (Items 3, 4, and 5 of Sup-section 3.2).

Only the main fatigue usage for cycles with Equation 10 Stress Range Intensity
greater than the Code 3*Sm 1imit was recalculated for this analysis. A1l other
fatigue usage values remained unchanged from Ref..ences 1 and 7. For Equation
10 Stress Ranges exceeding 3*Sm, fatigue was recalculated using the cyclic strain
range as a function of the mcmant and pressure terms along with a strain based
penalty factor applied to the additional peak stresses of that cycle.

3.2 Factors Contributing to Fatigue

The total cumulative usage factor is equal to the sum of the following fatigue
contributions:
1.) Shakedown Fatigue (see Sub-section 3.3).
2.) Post-Shakedown Fatigue (see Sub-section 3.4) of:
a.) Stratified Ranges Failing Equation 10, thus Recalculated
b.) Stratified Ranges Passing Equation 10, thus No Recalculation
) Non-Stratified Ranges Passing Equation 10, thus No
Recalculation
3.) Fatigue Usage for the non-stretified High Velocity Fluid Flow
conditions.
4.) Thermal Striping Fatigue by itself.
5.) Fatigue Usage for the remaining Operating Basis Earthquake Ranges.
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Oniy those contributions designated by Items 1. and Za. (listed above) were
recalculated. A1l other fatigue contributions meet Code Equation 10 and
correspond to the original BAW-2127 and BAW-2127 Supplement 1 (Reference 1 and
Reference 7).

3.3 _Shakedown Fatigue

For the most severe thermal stratification ranges (PV No.4 - PV No.402) analyzed
in the ABAQUS shakedown analysis, the total elastic.-plastic strain range
occurring between the maximum Peak (PV4) and the minimum Valley (PV402) was
retained. The purely elastic strain range for the thermal stratification cycle
PV4-PV402 was also calculated in an elastic structural analysis of the surge line
mathematical model, and the corresponding Kpp penalty factor {(elastic-plastic
strain divided by the purely elastic strain) was calculated. Using the total
elastic-plastic strain range (for PV4-PV402) and the corresponding Kpp penalty
factor, the alternating stress, S,,, was calculated using the equation below.

E yos e
— * K, = additional peak stress )

average

. Ejor * Strain ra.ge «

l\)l»—‘

alt

where Kpp was the plastic penalty Tactor, and the additional peak stress was the
combination of the peak stresses due to fluid flow (through-wall _herma)
gradients), thermal striping, and the non-linearity of the temperature profile
(combination as performed in Reference 1).

The shakedown fatigue from the resulting alternating stress was performed to
retain consistency between the shakedown analysis and the fatigue analysis, even
though the ASME Code only regquires the post-shakedown strain ranges to be
considered [NB-3228.4(c)]. The shakedown fatigue was also included in response
to NRC comments during the January 15, 1992 meeting with the B&W Owners Group
Thermal Stratification Working Group.
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3.4 Post-Shakedown Fatigue

in the Post-Shakedown Fatigue, the calculation of the alternating stress §,,

results from the same formula given in Sub-section 3.3:

.
o s K_ +additional peak stress )

* ( Eppe » Strain range + -

S
“alt

rol e

nverage

The values for the strain range and the plastic penalty factor, Kpp (elastic-
plastic strain divided by the purely elastic :train), were culculated through a
detailed finite element ABAQUS elbow model. The additional peak stress was the
combinition of Lhe peak stresses due to fluid flow (through-wall thermal
gradients), thermal striping, and the non-linearity of the temperature profile
(combination as performed in Reference 1).

For the thermal stratification ranges which meet Equation 10 Stress Range
Intensity of the ASME-Code (within the 3*Sm allowable), the alternating stress
values and the usage factors are cilculated using the simplified equations of the
ASME-Code.

3.5 Input Stress-Strain Curve for Post-Shakedown Fatigue.

For each thermal stratification cycle, the temperature of interest is the mean
valr s of the temperature during the cycle [see NB-3222.5 aad NB-3228.4(c)]. This
mean value has been found to be 300°F or less, depending on the location of the
elbow analyzed. Therefore, the applicable stress-strain curve will be taken at
300°F in the finite elament elastic-plastic analysis of the surge line elbow.

The input stress-strain data for the finite element elastic-plastic analysis of
the elbow (Post-shakedown) are defined as follows: linear purely elastir regime
up to 1.5 * Sm (modulus of elasticity £ from the ASME Code), and linear stress-
strain relationship in the elastic-plastic regime intersecting the nonstrain-
hardened stress-strain curves at the 1.0 % total strain location. This second
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slope is conservatively low in that no strain-hardening is included for the
stress at 1.0 % total strain,

Note that in the fatigue analysis, the moment ranges applied after shakedown on
each ore of the surge line elbows were calculated "purely elastically” in the
structural analysis of the surge line. Reduction of the moments due to
plasticity in the elbows is not taken into account,

3.6 Strain Correlations for Post-Shakedown Fatigue

The ABAQUS surge 1ine elbow finite-element model has been loaded by combinations

of bending moments and internal pressure values (the internal pressure values
considered are O psi., 60C psi., 1500 psi. and 2250 psi.).

From the different lcad cases, the highest strain value anywhere in the elbow was
employed. An analysis has been performed to compare (for the same internal

'

pressure values) the highest strain range due to a combined "in-plane opening
moment / in-plane closing moment" load case with the highest strain range due to
"out-of-plane moment" in the elbow mid-section. From this analysis it has been
found that the "out-of-piane moment" load case leads to a lower value for the
highest striin range in the elbow. Therefore, using the "in-plane opening moment
/ in-plane closing moment" load case, correlation tables were built for the
calculation of the highest strain range anywhere in the elbow as a function of
the elastically calculated moment range and of the internal pressure in the
elbow. Similarly, correlation tablas were built for the plastic penalty factor

Kpp to be applied on the additional peak stresses.

For each thermal stratification cycle, the strain range and the plastic penaity
factor, Kpp, are calculated through a conservative linear interpolation between
values in the correlation tables mentioned abuve. Knowing this strain range and
the corresponding Kpp value, the alternating stress is calculated using the
formula given earlier in Sub-section 3.4.
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3.7 Elbow Fatigue Analysis Results

For the surge line elbows of the lowered loop plants, the highest 40-year total
cumulative usage factor occurred in elbow B of Figure 3-1 (vertical elbow at the
bottom of the surge line riser). It was equal to 0.50 for Oconee Unit 2, 0.49
for Oconee Unit 1, 0.48 for Oconee Unit 3, and 0.40 for TM] Unit 1, Crystal River
Unit 3 and Arkansas Nuclear One Unit 1.

For the surge line elbo... of Davis-Besse Unit 1, the shakedown fatigue was based
on the maximum strain range calculated in the surge line elbows of the lowered
loop plants. The strain range of the most highly stressed elbow in the lowered
loop plants was conservatively applied to each elbow of the Davis-Besse Unit 1
plant. The remaining fatigue (post-sha'.edown) for Davis-Besse utilized Davis

Besse loads and the elastic-plastic finite element elbow results. This resulted
in a maximum total cumulative usage facto~ of 0.59. The maximum total cum:lative
usage factor for Davis-Desse Unit 1 occurred in the vertical elbow at the bottom

of the pressurizer, elbow A,

Table 3-1 on the fallowing page gives the resulting Total Cumulative Usage
Factors for all elbows (see Figure 3-]1 and Figure 3-2) and highlights *he maximum

values for each plant.
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Figure 3-2 Surge Line Mathematical Model
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30 SECOND AVENUE

NAL THAM MASSACHUSETT
t 80 300 Tw 4 T
December 30, 1831
7569-2

Secretary

ASME Boiler and Pressure Vesse® Committee

345 East 47th Street

New York, NY 10017

Subject: Technical Inquiry - ASME BPVC Section 1]

Gentlemen:

The writer respectfully requests that the attached Technical Ing

be considered by Section []]

Very truly yours,

Dot F Landés

DFL/tmo

Attachment

DONALD F LANDERS Prasaient TELEDYNE ENGINEERING SERVICS
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' March 26, 1992
I Donaid F. |
. President
TeleCyne Engineering Services
130 Second Ave
l wartham
' Subiect Section Division 1, NB-3228 4
e ¥ NIS2 -8
Reterance Your letter dated December 30, 1991
Dear Mr. Lancers
. JUr understanding of the questions In your inquiry, and eply, & as foliows
LUEStION N demonstrating shakeaown in accorgance with NB-3228 .4 s the expa es
' critenon of NB-3222.3 need to be satsfied
Reply NG
very truly yours
y
R S .
-~ -
/"(""1 L . PR,
! A istian Sanna
Assistant Secretary, Boller & Pressure Vessel Committee
2) 6054705
£ '
o
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