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Figure 5-6. Top View at the Cantilever Tube Wind Tunnel Model
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Figure 5-7. Fluidelastlc Vibration Amplitude with Non-Uniformn Gaps
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Figure 54.
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Typical Vibration Amplitude and TubI/AVB Impact Force Signals 
for Fluidelastic Vibration with Unequal Tub*/AVB Gaps
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Figure 5-9. Concepta eino the Apparatus for Determining the Effects 
on Fluidelstic intab'ility of Columnwise Variations in AVI 
Insertion Depths
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Figure 5.10. Overall View of Wind Tunnel TedtApparatus
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Figure 5-1 I. Side View of Wind Tunnel Apparatus with Cover Plates Removed 
to Show Simulated AVB%, and Top Flow Screen
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Figure 5-12. AVB Confifgurations TeM~ for Watts Bar I
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Figure 5-13. Typical Variation of RMS Vibration Amplitude with Flow Velocity 
for Configuration Is In Figure 5-12
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6.0 EDDY CURRENT DATA AND AVB POSITIONS

The Eddy Current (EC) input to the Watts Bar Unit 1 analyses is based on EC tapes 
generated during the inspection performed in September of 1985.  

6.1 AVB Assembly Design 

Since the purpose of this analysis is to evaluate potentially unsupported tubes at, or 
near the point of maximum AVB insertion, only the dimensions and EC data 
pertaining to the 'lower' AVB's are used. Review of the EC data for Watts Bar Unit 1 
shows that AVB insertion depths follow the typical model D pattern, being relatively 
uniform in the regions between Columns 31 and 84 which correspond to the 'flat' 
contour of the tube bundle in this region.  

6.2 Eddy Current Data for AVB Positions 

The AV13 insertion depths were determined an the basis of interpretation of the 
eddy current test (ECT) data. To locate the AVB's, the ECT data traces were searched 
for the characteristic peaks seen in the signals, which indicate the intersection of the 
tube with an AVB (or a tube support plate). A typical ECT signal trace for an AVB3 is 
shown in Figure 6.1. Since ambiguity can occur in the interpretation of the ECT data 
due to inability of most ECT sensors to differentiate on which side of a tube a&'visible' 
AVB is located, other information must often be used to assist in establishing the 
location of the AVB's. This information may include a review of consistency with the 
design of the AVB assembly, consistency of data from adjacent columns, and 
verification by means of 'projection' calculations to determine the AVI depth of 
insertion which will be plotted.  

TVA subcontracted EC mapping and interpretation of AVB locations for the Watts 
Bar Unit 1 SG's to a third party who performed the EC mapping related to AVB 
placement. This data was presented in a 'direct observation' (below) format which 
identified supported and unsupported tubes, but which did not always lend itself to 
the flow peaking evaluation. As a result, TVA repeated the EC testing on 
approximately 300 tubes in locations where the 'direct observation' based plots 
indicated a potential susceptibility to high flow peaking values. This EC data was 
formatted to allow an easy conversion to the AVB'projection' (below) type of 
analysis.
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The flow peaking and tube support evaluation for Watts Bar Unit 1 is based on the 
AVB insertion plots shown in Fig. 6-2 through 6-5. In these plots, the direct 
observation' values have been repeated from their original format, and 
supplemented with AVB position values based on 'projection" calculations where 
appropriate.  

6.2.1 AVB Insertion Depths 

The direct observation data (the number of AVB intersections seen by the EC probe) 
are the principal basis for determining tube support by the AVB's. Two or more AVB 
indications (one either side of the U-bend apex) indicate that a tube is supported.  
The logic is that for an AVB to produce two indications, it must be inserted far 
enough beyond the tube centerline to for its apex to break contact with the tube, 
thus producing two separate peaks on the signal trace.  

The guidelines used for interpretation of 'direct observation' of ECT data for tubes 
provide a 'yes-no' type of answer. Tubes having two or more signals can be assumed 
to be supported, while tubes with no signals can be assumed to b'ý. unsupported.  
AVB plots based on 'direct observation'in this report show the AVB's as being 
inserted to a point midway between the last row of supported tubes, and the first 
row of unsupported tubes ('zero' AVB signals). The accuracy of these AVB plots 
then, is slightly less than ± 0.5 tube pitch. Where the combination of tube stability 
ratio for a given row of tubes and the plotted insertion distances of neighboring 
AVB's indicate that flow peaking limits will not be exceeded, AVB insertion plots 
based on 'direct observation' are sufficiently accurate for the tube fatigue 
evaluation. Where the combination of tube stability ratio and potential flow 
peaking effects requires more accurate placement, other techniques must be used to 
locate the AVI's.  

Verification of tube support when only a single AVB indication is present requires 
additional analysis. The apex of the AVB could extend slightly beyond that of the 
tube centerline providing stpport and producing a signal trace several inches long, 
but due to noise, surface deposits, or other anomalies, it may lack the two diltinct 
peaks of a 'two' signal. It is more likely that only point contact exists between an 
AVB and the tube in question; or that an AVB may be close enough to a tube that its 
magnetic field is detected by the EC probe, but the AVB is withdrawn far enough 
that it does not contact the tube.  

6.2.2 AVB Projection 

The projection technique is useful where noisy or spurious ECT signals prevent 
positive location of an AVB or where data is unavailable due to a tube having been 
plugged.I

00241.4 1042



]a,.c

In the case where the AVB characteristic signals can not be confidently determined 
due to a noisy signal or pre-existing plugged tubes, data for locating the AVBs is 
provided from I 

J a.c.  

6.3 Tube Denting at Top Tube Support Plate 

Watts Bar Unit 1 has not operated yet. Most recently, the steam generators have 
been stored in the wet layup condition. As a result, all of the tube/tube support 
plate (TSP) interfaces may be assumed to be uncorroded and undented. Since the 
tube vibration analyses are based on the conservative assumption that all tubes in 
the area of interest are structurally 'fixed' in the TSP, holes, as if by denting or 
corrosion, the current condition of the tube/TSP interface does not influence the 
disposition of the tubes found to be susceptible to fatigue.  

6.4 AVB Map Interpretations 

The Watts Bar Unit 1 AVB's have a nominal insertion depth to Row 10. Evaluation of 
the EC data indicates that in Unit 1 in the area of interest, (Row 12 through Row 8) 
between columns 02 and 113, all of the Row 1? tubes, all but 2 row I1I tubes, and all 
but six row 10 tubes are supported.  

Watts Bar Unit 1 SG 1 

The AV9 map for SG 1 is shown in Figure 6-2. A listing of unsupported tubes is given 
in Table 6-1. Two Row 11, four Row 10, and seventy three row 9 tubes are 
unsupported. The highest significant flow peaking factors in the SG (see SOcL S and 
Sec. 9) are found at tube locations R 11C03, R I C22, R09C09. R09C22. R09C 100, and 
R09C 104. In the dented condition the tube at RI 0C22 exceeds the limiting stress 
ratio criteria; leading to the recommendation that RIOC22 be removed from service.  
The strews ratios for the remaining tubes are acceptable.
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Watts Bar Unit 1 SG 2

The AVB map for SG 2 is shown in Figure 6-3. A listing of unsupported tubes is given 
in Table 6-1. Two Row 10, and eight row 9 tubes are unsupported. The highest 
significant flow peaking factors in the SG (see Sec. 8 and Sec. 9) are found at tube 
locations R 1OC 107, RO9C 104, and RO9C1 111. The stress ratios for these and all 
remaining tubes are acceptable.  

Watts Bar Unit 1 SG 3 

The AVB map for SG 3 is shown in Figure 6-4. A listing of unsupported tubes is given 
in Table 6-1. One Row 9 and forth eight Row 8 tubes are unsupported. The highest 
significant flow peaking factors in the SG (see Sec. 8 and Sec. 9) are found at tube 
locations R08C06, ROSC31, R08C80 and RO8C 108. The stress ratios for these and all 
remaining tubes are acceptable.  

Watts Bar Unit 1 SG 4 

The AVB map for SG 4 is shown in Figure 6-5. A listing of unsupported tubes is given 
in Table 6-1. Fourteen Row 9 and twenty six Row 8 tubes are unsupported. The 
highest significant flow peaking factors in the SG (see Sec. 8 and Sec. 9) are found at 
tube locations R09C08 R09C107, R08C99 and R08C104. The stress ratios for these 
and all remaining tubes are acceptable.
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Watts Bar Unit 1 
Summary Listing of Unsupported Tubes 

SG #1 

Row 12 Row 12 has no unsupported tubes 
Row I11 Columns 2 and 3 are unsupported 
Row 10 Columns 2 thru 4. and column 22 are unsupported 
Row 9 Columns 2 thru 9, 22, 31, 32,.35 thru 59, 62 thru 71, 74 thru 80,8$8, 91, 

92,.95 thru 100, and 104 thru 113 are unsupported 
Row 8 Columns 2 thru 16,.22, 27 thru 85, and 88 thru 113 are unsupported 
Row 7 All Columns in Row 7 are unsupported 

SG #2 

Row 12 Row 12 has no unsupported tubes 
Row I1I Row 11 has no unsupported tubes 
Row 10 Columns 107 and 108 are unsupported 
Row 9 Columns 104 thru 111 are unsupported 
RowS8 Columns 2 thru 11, 16 thru 23, 32 thru 39,42,43,48,49, 53 thru 58, 79 

thru 82, and 92 thru 113 are unsupported 
Row 7 All Columns in Row 7 are unsupported 

SG #3 

Row 12 Row 12 has no unsupported tubes 
Row 11 Row I1I has no unsupported tubes 
Row 10 Row 10 has no unsupported tubes 
Row 9 Column 113 is unsupported 
RowS8 Columns 2 thru 6. 31 thru 65, 79, 80, and 108 thru 113 are unsupported 
Row 7 All Columns in Row 7 art unsupported 

SG # 

Row 12 Row 12 has no unsupported tubes 
RowlII Row I Ihas no unsupported tubes 
Row 10 Row 10 has no unsupported tubes 
Row 9 Columns?2 thru 8, and 107 thru 113 are unsupported 
RowS8 Columns 2thru 11 96thru101, and 104 thru113 are unhupported 
Row 7 All Columns except 102 and 103 are unsupported
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Figure 6-1. AVS Insertion Depth Confirmation

DON0418: lomsrj 64



PMxdeI D-3 Stearn, Generator 
Walls BarW Lt- SG # 1

[N
'El000000000&00100000OO0000000000W000000 

IP.obI I I I I I I I I I I I I I I I I I I I I I 1 1 It.oI0.6I0.S17.'I?1.41 1 1 1 1 19.319.419.319.61

2 2 

0 23 4 2 

00000000000000000000000000000000000000 
ICb 76 iS n 74 172 72 171 70 1$$ 1"1671" 651 64 6312 0 61 6 Sol 56 671" SI 163 161 515 St I " 491481 4?1 4614S5 441 3 4) 43 41- 40 189 

.1 04 . 3 0. 06 .4 0. .4 0 3 .4 a. 6. a~ 0. 0.6 

~00000I2 22 43 400 0 000000E)2 000 

*0000000000' 02 2303,3 000000000000000 
7 0000000000001 00@000000000000000000000 

C W W I 0 W 0 7 1 6 2 s 1 2 4 1 32 1 3 12 11 3 9 1 120 1 2 7 1 2 6 2I " 2 4 1 2 3 1 22 1 2 1 1 2 0 1 1 9 1 I l l i s I IS I 14 I 2 s 3 1 2 1 1 6 I 1S 0 1 7 1 6 1 5 4 1 3 H

b~ ~ h~ab ~at d a ~ EC kaab~ 
~s a~~baaed ue~ad b~ab be imabge al Use msuu.Ihm dOs A~ 

C~ dims. ~ekg .AVmai w ~ep~ aim sham have Urn A~S bc~s ~syi ~ad 
mb~.dEC S ~iiIw be yseuI ~eNhdihe be a ~,e mimue dims..

e "a daw bomkomdaishu



Mordel &-3 Skwm Gnwabo 
Wat WbI" I -SO #2

000000000000008ýmoo00000g u00cio 0000000000000000000000000000000000000~ 
*191Jl il"m oi m"fglsimI1I"g rI IS 9 1 ISO I. @It um I go I n Inea aIvlw Ia I 14 1aule I a$I n I n Iil.n 

r 0000 0 0 0 0 0 0 00000 0 0 0 00 

_0000000000000000000000000000000000000 
£ 6 I I J I S I I 1 1 n " " a lM Ms s S 4 1 e l l " ail So le g p g ~ Sto 19 1 1 6 1 8 i l I I i t f 1 1 a I

E)MfbG*fd
Vm@~Gdmadoftsw"ý dMOoftmosimobodgmendabodSoAM



MWI D-3 &em Gwwurr 
WallsBar I I- SG # 3I

mu 

~ bemdS
() lbfta-ft

c 

*000000 0 
0000000000000000000000000000000000000 
I I Ie~ig~e;I~w~h~II1I~inledl w~l's ll esI e el " foilesl ee19 9le loe.1t Ifes o "01.8 71 " @1 041081 00100 [$*1, ?es i f!"e 

re--meln nl~n Iir 171"16 71 "l.l 1 0I0.l0*l 162 1 mIN "I "IsPIGGISSIU4 [s1" 151 Ju 41. 81 470140.1451 "4342140. 1 "01 

*00000000000 
0000000~0000000090000000000000000Q000000 

left= 7 njwmlnl.8a alhtln l8st I OlIfl*?I selai 81 J ltia lei 11161t o it s 1IS SI s~III tsieI s1 0 1 1 '1 9 1 4 1 I



00000000000 
flAnfAooooo~

AxMW "~ SeWw GWWAWk 
Waft WtIM I-SO 04

00000000000

L ~ U

0000000 000000

p0000000000000000000 000000000000000000

ca-PrIIp nIr t r ol6 i 951 3 fel 040 7eOOO041818 4 

* ooooooooOOOOOOeeO"oo L 

00 

10 1 1000000

Now= ~ d *A A
V"u~msbum.1. S

O)tdtM*~f



7.0 THERMAL AND HYDRAULIC ANALYSIS

This section presents the results of a thermal and hydraulIic analysis of the flow field 
on the secondary side of the steam generator using the 3D ATHOS computer code, 
Reference (7- 1). The major results of the analysis are the water/steam velocity 
components, density, void fraction, and the primary and secondary fluid and tube 
wall temperatures. The distributionis of the tube gap velocity and density along a 
giveli tube were obtained by reducing the ATHOS results. The bundle parameter 
distributions used in the Watts Bar 1 analysis are based on ATHOS results for another 
Model D3 steam generator having nearly the same operating conditions. The effect 
of the small difference in operating conditions between the two units was 
accounted for by applying an adjustment factor to the computed stability ratios.  

In the following subsections, the operating condition data for Watts Bar is presented 
along with a comparison with the corresponding conditions on which the reference 
Model D3 tube bundle study was based. As part of this comparison, a one
dimensional relative stability ratio calculation technique is described. The 
adjustment of the reference stability ratios is based on this technique.  

7.1 Watts Bar Steam Generator Operating Conditions and 1 D Relative Stability Ratio 
Analysis 

Full power steam generator operating condition data for Watts Bar is presented in 
Table 7-1. In developing these conditions it was assumed that 5% of the tubes are 
plugged while the primary inlet temperature is maintained at its nominal value. This 
level of plugging reduced the nominal 1000 psia design pressure to 982 psia.  

With the above data, calculations were completed using the Westinghouse SG 
performance computer code, GENF, to verify the plant data and to establish a 
complete list of operating conditions required for an ATHOS analysis. The GENF 
code determines the primary side temperatures and steam flow rate required to 
obtain the specified steam pressure at the given power rating. Besides confirming 
these parameters, the code calculates the circulation ratio which is of primary 
importance to the stability ratio analysis since it, together with the steam flow, 
establishes the total bundle flow rate and average loading on the tubes. It also 
provides an overall indication of the voids within the tube bundle since the bundle 
exit quality is inversely proportional to the circ ratio (Xqxt a l1/circ. ratio). The 
calculated circulation ratio is also listed in Table 7-1. In addition, the operating 
conditions on which the reference Model D3 ATHOS study was based are listed.  

With respect to their effect on tube stability ratios, three of the operating 
parameters are of primary importance: power level/steam f low, steam pressure, and 
the circulation ratio. (Primary side temperatures have only a very minor influence on 
stability ratios). As mentioned previously, the steam flow rate and circulation ratio 
influence the total bundle flow rate and tube-to-tube gap velocity in the U-bend.  
The steam pressure also influences the gap velocity via the void fraction and density,
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however, its major impact is on the tube damping. High U-bend flow along with low 
steam pressure results in a higher loading on the tubes with reducing damping.  
Both of these factors lead to higher, more limiting stability ratios. As indicated ;n 
Table 7-1, the operating conditions for Watts Bar 1 are very similar to those of the 
reference Model D3 steam generator. Only small differences exist in the steam flow 
rate, pressure, and circulation ratio.  

An overall measure of the effect of this difference in operating conditions on the 
stability ratio can be obtained f rom a parameler termed the" iD' relative f luidelastic 
stability ratio. This ratio compares the fluidelastic stability ratio co~mputed for a 
particular set of operating conditions to a reference stability ratio. For the Watts Bar 
analysis, the relative stability ratio technique is used to define an adjustment factor 
which is applied to the reference Model D3 stability ratios to account for the small 
difference in operating conditions.  

The f luidelastic stability ratio is def ined as the ratio of the effective f luid velocity 
acting on a given tube to the critical velocity at which large amplitude fluidelastic 
vibration initiates: 

Fluideloatic Stability Ratio, SR = efrte 
crtcla onset of aiuaeoklity 

In this ratio, the effective velocity depends on the distribution of flow velocity and 
fluid density, and on the mode shape of vibration. The critical velocity is based on 
experimental data and has been shown to be dependent upon the tube natural 
frequency, damping, the geometry of the tube, the tube pattern, and the fluid 
density, along with the appropriate correlation coefficients.  

The detailed calculation of this ratio using velocity and density distributions, etc., 
requires three-dimensional thermal/hydraulic and tube vibration calculations which 
are time consuming. Alternately, a simplified, one-dimensional version of this ratio 
has been used to provide a relative assessment technique for determining the effect 
of changes in operating conditions on the stability ratio. The relative stability ratio is 
defined by the following equation: 

(2) 

In this equation TMWAT0 refers to Watts Bar I and "MREF' to the reference Model D3 
condition. While this simplified approach cannot account for three-dimensional 
tube bundle effects, it does consider the major operational parameters affecting the 
stability ratio. Four components make up this ratio: a loading term based on the 
dynamic pressure (pV2), a tube incremental mass (m) term, the natural frequency of

D0141.4 ID/041O9O



the tube Ofn), and a damping ratio (8) term. It should be noted that the ratio is 
relative, in that each component is expressed as a ratio of the value for a given fuel 
cycle or power level to that of the recent operating point.  

Ja.c. The 
particular damping correlation which is used for all relative stability ratio 
calculations is based on a dented condition at the top tube support plate (a clamped 
condition, as discussed in Section 5.2). The clamped condition is also assumed is also 
assumed in calculating the tube natural frequency.  

As shown at the bottom of Table 7-1, the effect of the small difference in operating 
conditions results in a 3% increase in the relative stability ratio for Watts Bar 
compared to the reference Model D3. The lower steam pressure for Watts Bar (982 
vs 1014 psia) is the primary factor leading to this increase. The existing stability 
ratios for the reference Model D3 steam generator will be adjusted upward by a 1.03 
factor to generate a set 3D stability ratios for Watts Bar 1.

Justification for use of a simplified, one-dimensional, relative stability ratio 
adjustment factor is provided by making comparisons with the results obtained from 
more detailed three-dimensional flow f ield/tube vibration calculations. This 
comparison has been made for over a dozen other steam generators which have 
been evaluated, to date, including both preheat generators like the Watts Bar 
Model D3 and feedring units. The results indicate that the 1 D method provides a 
good or modestly conservative prediction of the 3D relative stability ratios.  
Furthermore, the plant-to-plant variation in the 1 D ratios follows the 3D trend as the 
steam flow, pressure, and circulation ratio varies. This indicates that the operating 
condition contribution to the relative stability ratio can be adequately accounted for 
by the 1 D approach. The 1 D to 3D adjustment is justifiable as long as it's applied 
within a group of steam generators which share a common or the same tube bundle 
configuration. In these situations, the overall tube bundle flow fields will be similar 
and the individual plant ratios will differ only as a result of the effects of variations 
in the basic thermal/hydraulic parameters.  

7.2 ATHOS Analysis Model 

The calculation of relative stability ratios involves comparing the stability ratio 
calculated for one or more tubes in a given plant to the ratio calculated for the 
ruptured Row 9 Column 51 tube in the North Anna Series 51 steam generator. It 
makes use of ATHOS computed flow profiles for both tube bundles. Since the
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presence of AVBs in the U-bend region of a tube bundle could influence the overall 
flow field and/or the local flow parameters for a particular tube of interest, some 
discussion of the treatment of AVBs is necessary before presenting a description of 
the ATHOS mc del.  

The ATHOS codes does not include the capability to model the presence of the AVBs 
in the U-bend region. However, Westinghouse has modified the code to include the 
cap.' ..*:, &o model the AVBs via flow cell boundary resistance factors. Practical 
lower limits of cell size in the ATHOS code, however, prevent a fine grid 
representation of the AVB V-bar shape which, in turn, limits the accuracy of the AVB 
representation. ATHOS calculations have been performed with and without AVBs in 
the model. Calculations of stability ratios relative to North Anna R9C51 show that 
the relative stability ratios for tubes near the center of the steam generator are 
essentially the same for models with or without AVBs. The ATHOS AVB modeling 
sensitivity studies with uniform insertion show some tendency for the AVB resistance 
effects to lower tube gap velocities near the central regions and to increase 
velocities near the peripheral tubes. However, the magnitude of this effect is 
uncertain due to the limitations in ATHOS for modeling the AVBs. Further, the 
global flow resistance of staggered AVB insertion would be less than that from 
uniform insertion. Based on the sensitivity studies using ATHOS models with and 
without uniformly inserted AVBs, the most reliable relative stability ratios (for actual 
steam generators with non-uniform AVB insertion depths) are expected using 
ATHOS models excluding AVBs and effects of variable AVB insertion depths. Those 
AVB effects are accounted for by using flow test results of actual AVB geometries.  
This approach has been utilized in the reference Model D3 steam generator ATHOS 
analysis which is described below and was used in the Watts Bar evaluation.  

The reference Model D3 analysis is based on a Cartesian coordinate system for the 
array of flow cells instead of the typical, and more widely used, cylindrical 
coordinate system. With a Cartesian coordinate system, the tube array and any AVBs 
are arranged in a square pitched configuration which is in-line with the coordinate 
axes. This alignment provides an improved representation of the tube bundle.  

The ATHOS Cartesian coordinate system model for the Model D3 steam generator 
consists of 18,720 flow cells having 30 divisions in the x-axis (perpendicular to the 
tubelane) direction, 16 divisions in the y-axis (along the tubelane) direction and 39 
divisions in the axial (z-axis) direction. In the ATHOS analysis, the steam generator is 
considered to be symmetrical about the x-axis of the tube bundle. The model 
therefore, consists of one-half of the hot leg and one-half of the cold leg sides of the 
steam generator. Figures 7-1 and 7-2 show the plan and the elevation views of the 
model. These two f igures show the layout of the f low cells and identify locations for 
some of the geometric features.  

As shown in Figure 7- 1, with the Cartesian coordinate system, the circular wrapper 
boundary is represented by a step-wise wall as indicated by the heavy lines. All of 
the flow cells outside the simulated wrapper boundary above the first axial slab
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were blocked off by specifying extremely high flow resistances on the faces of the 
appropriate cells. Tubelane f low slots in the tube support plates are also modeled.  

Figure 7-2 shows the elevation view of the model on the vertical plane of symmetry 
of the steam generator. The feedwater nozzle is located at axial indices IZ = 11 and 
12. Ten axial layers of cells were included in the U-bend near the top tube support 
plate (IZ = 27 to IZ = 36) to more closely model the flow conditions in the area of 
interest 

Figure 7-3 reproduces the plan view of the model but with the tube layout 
arrangement superimposed. This figure illustrates the locations of the tubes in the 
various flow cells. The grid lines in the Cartesian model are in-line with the tube 
array, providing for all of the tubes to be within the boundary of the f low cells. The 
f ineness of the cell mesh is evident; the largest cells contain only 25 tubes while 
some of the smallest cells include only three tubes. Note, in particular, that 
additional detail was added near the bundle periphery (IY = 12-16) to more closely 
model the inner radius tubes.  

7.3 ATHOS Results 

The results from the ATHOS analysis consist of the thermal-hydraulic flow 
parameters necessary to describe the 3-D flow field on the secondary side of the 
steam generator (velocity, density, and void fraction) plus the distributions of the 
primary fluid and mean tube wall temperatures. The secondary side mixture velocity 
is composed of three components (Vx, Vy, and Vz) which ATHOS computes on the 
surfaces of the flow cell. Since the local gap velocity surrounding a tube is required 
in the vibration analysis, a post-processor is used which: a) interpolates among the 
velocity components for the cells located nearest to the tube of interest and, b) 
accounts for the minimum f low area between tubes to calculate the tube-to-tube 
gap velocity. The post-processor performs the necessary interpolations to determine 
both in-plane and out-of -plane gap velocities at specif ic intervals along the length of 
a tube. It also interpolates on the ATHOS cell-centered density and void fraction to 
determine the required local parameters along the tube length. The output of the 
post-processing is a data file which contains these parameter distributions for all the 
tubes in the generator -and which provides a portion of the input data required for 
tube vibration analyses.  

Figure 7-4 shows a vector plot of the flow pattern on the vertical plane of symmetry 
of the steam generator (the vectors are located at the center of the f low cells shown 
in Figure 7-2). The zig-zag flow pattern through the split flow preheater is clearly 
shown in the f igure. On the hot leg side, the vertical flow upward through the half
moon cut-out at the center of flow distribution Plate A is also clearly shown. The 
vertical velocity (Vi) component entering the U-bend region on the hot leg side is 
about twice that of the cold leg side as seen in Figure 7-5 (at model vertical layer 
index IZ 3 27). The figure also shows the high VZ-component of the flow leaving the 
three flow slots on the top tube support plate (PLATE T) at the middle of the figure.
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The lateral velocity components, VR = (Vx2 + Vy2) S, on the same horizontal plane 
(IZ 3 27) are shown in Figure 7-6. Viewing Figures 7-5 and 7-6 it is seen that at the 
entrance to the U-bend region the vertical velocity component is about twice that of 
the lateral velocity resultant on the hot leg side, but is about three times of that on 
the cold leg side.  

Figure 7-7 shows the plot of the void fraction contours on the vertical plane of 
symmetry of the steam generator. In the preheater the void fraction is essentially 
zero. By comparison, the hot leg side void fraction develops rapidly from the lower 
bundle region. in the U-bend region the void fraction is about 0.9-0.95 on the hot 
leg side, decreasing to about 0.60 at the bundle periphery on the cold leg side.  

Figures 7-8, 7-9, and 7-10 show a sample of the individual tube gap velocity and 
density distributions along three tubes at Row 10. In each figure the gap velocity 
and density along the length of the tube are plotted from the hot leg tubesheet end 
on the left of the figure to the cold leg end on the right. The mixture gap velocity 
and density distribution are required as part of the input for tube vibration analysis 
to determine the tube stability ratios. These data were generated by the ATHOS 
post-processor for each tube in the model and stored in a data file. The data file was 
then utilized in the subsequent stability ratio calculations.  

Figure 7-11 show-; the plot of the average in-plane gap velocity normal to the tube 
and density profiles as a function of the column number along Row 10. The average 
values were taken as the numerical average of the parameter over the eintire 1 800 
span of a U-bend at a given column location. The average velocity values are 
between 7.3 and 8.4 ft/sec. The velocity variations seen in~ the figure at Columns 22, 
38 and 50 are related to the effects of the flow slots along the tubelane of the top 
support plate.  

References: 

7-1 L. W. Keeton, A. K. Singhal, et al., MATHOS3: A Computer Program for 
Thermal -Hyd raul ic Analysis of Steam Generators,' Vol. 1, 2, and 3. EPRI NP
4604-CCM, July 1986.
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Table 7-1

Watts Bar Steam Generator Operating Conditions and 
Comparison with Model D3 Conditions on which 

the Reference 3D ATHOS Analysis was Based

Watts Bar Unit I

Reference Model D3 
Conditions Used in 
3D ATHOS Analysis

SG thermal power (MWT)

Steam flow rate

Feedwater inlet temperature (*F) 

Steam pressure (psia) 

Water level N% of span) 

Primary inlet/outlet 
temperatures (*F) 

Calculated Parameters 

Circulation ratio 

Bundle flow rate (lbm/hr) 

1 D relative stability ratio 
(normalized to reference 
Model 133)
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856.

3.78 x 106

440

982 

68 

618/559

856.

3.77 x 106

438

1014 

67 
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Figure 7-1. Plan View Of ATH4OS Caretesian Model for Model D3
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Figure 7-2. Elevation View of ATHOS Caretesian Model for Model D3
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Figure 7-3. Plan View of ATHOS Caretesian Model for 
Model D3 Indicating Tube Layout
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Figure 7-4. Flow Pattern on Vertical Plane of Symmetry
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Figure 7-5.
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Vertical Velocity Contours on a Horizontal Plant at the 
Entrance to the U-Bend 
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Figure 7-6. Lateral Flow Pattern on a Horizontal Plane at the 
Entrance to the U-Bend

7-1300004.pt: OAJ312"O



a,e

Figure 7-7. Void Fraction Contours on Vertical Plane of Symmetry
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Figure 7-8. Tube Gap Velocity and Density Distributions for 
Tub* Raw 10/Column 5
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Figure 7-9. Tube Gap Velocity and Density Distributions for 
Tube Row 10/Column 20
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Figure 7-10. Tube Gap Velocity and Density Distributions for 
Tube Row 10/Column 40
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Figure 7-11. Average Velocity and Density Distributions in the 
Plane of the U-Bends Normal to Row 10

a, c
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8.0 PEAKING FACTOR EVALUATION

This section describes the overall peaking factor evaluation to define the test based 
peaking factors for use in the tube fatigue evaluation. The evaluation of the eddy 
current data to define the AVB configuration for North Anna-i Tube R9C51 is 
described. This configuration is critical to the tube fatigue assessments as the 
peaking factors for all other tubes are utilized relative to the R9C51 peaking factor.  
Uncertainties associated with applying the air model test results to the tube fatigue 
assessments are also included in this section. included in the uncertainty evaluation 
are the following contributions: 

" Extrapolation of air test results to two phase steam-water 
* Cantilever tube simulation of U-bend tubes 
* Test measurements and repeatability 
0 AVB insertion depth uncertainty 

8.1 North Anna-i Configuration 

8.1.1 Background 

The AVB configuration of the ruptured tube in North Anna, R9C51, is the reference 
case for the tube fatigue evaluations for other plants. In accordance with the NRC 
Bulletin 88-02, the acceptability of unsupported tubes in steam generators at other 
plants is based on tube specific analysis relative to the North Anna R9C51 tube, 
including the relative flow peaking factors. Thus, the support conditions of the 
R9C51 tube are fundamental to the analyses of other tubes. Because of the 
importance of the No~rth Anna tube, the support conditions of this tube, which were 
originally based on "AVB Visible"M interpretations of the edc!,y current test (ECT) data 
(Figure 8-1), were reevaluated using the projection technique developed since the 
North Anna event. The projection technique is particularly valuable for establishing 
AVB positions when deposits on the tubes tend to mask AVB signals such as found 
for the North Anna 1 tubes. The results of this evaluation are summarized below.  

8. 1.2 Description of the Method 

The basic method utilized was the proj'ec-ion technique in which the AVB position is 
determined based on measured AVB locations in larger row tubes in the same 
column. In this study, the projection technique was utilized in the "blind" mode, 
(AVBs called strictly based on the data) as well as the reverse mode (data examined 
on the basis of predicted AVB positions). The objective of this application was, with 
the greatest confidence possible, to establish the positions of the AVBs in an 8 
column range around the R9C51 tube in North Anna 1, Steam Generator C.
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8.1.3 Data Interpretation

The ECT traces for the U-bends in Rows 8-12 (in one case, 13) were examined for 
Columns 48-55. The original AVB visible calls are shown in Figure 8-1. The data were 
examined by an eddy current analyst experienced in reading these traces, and by a 
design engineer knowledgeable in the geometry of the Model 51 U-bend region.  

The intent of this review was to determine if the presence or absence of AVBs as 
shown in Figure 8-1 could be confirmed using the AVB projection technique.  
Preliminary projected AVB positions were based on geometric data provided for a 
few of the tubes near R9C51. The features which were sought were evidence of data 
Aspikes' where AVBs were predicted, offset indications (multiple spikes) where 
offset AVBs were predicted, single indications where single AVB intersections were 
predicted, etc. The data evaluation method used was a critical examination of the 
data, which was biased toward the presence of AVBs unless a confident call of "no 
AVB" could be made, and then checking the consistency of the data among the 
tubes in a column and against the theoretical data for the predicted AVB positions.  

Figure 8-4 is the "AVB visible* map for columns 48 through 55, based on the critical 
review of the data. It should be noted that the original data interpretations and the 
review interpretations are consistent.
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8.1.4 Projections

The [ laxc ECT traces were utilized for 
projecting the position of the AVBs according to the standard format of the 
projection method.  

The results of the projections are presented in Figure 8-5, which shows a matrix of 
projections for tube rows 8 through 13 in columns 48 through 55. For many of the 
tubes, more than one, and as many as three projection values are shown. Multiple 
projections are expected for a tube if the AVBs on either side of the tube are not at 
the same elevation, or if the upper and lower AVB support that tube. As many as 
four different projections are possible if it is assumed that the tube is supported by 
the upper and lower AVBs, and both upper and lower bars are staggered in 
elevation as shown in Figure 8-2.  

The logic in arranging the projection data is based on the following two rules: 

Rule 1. The projections of the same AVB based on different tubes in the same 
column [ lax.  

I

Pa.C

Rule 2. Two adjacent tubes in the same row ( 
la~c. Consequently, the difference in the

je.C.

The implication of this Is that if the position (either left or right) of a projected 
AVS is assumed for a column, then the projections in the adjacent columns art 
also ( 

Ja~c.
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The arrangement of the AV~s as shown in Figure 8-5 satisfies the rules above and is 
consistent with the rupture of R9CS1. The resulting AVB arrangements, based on the 
projection matrix of Figure 8-5 is shown in Figure 8-6.  

8.1.5 Conclusions 

The general AVB arrangement surrounding the ruptured tube in North Anna-i.  
Steam Generator C, which was the basis for the analysis, is confirmed by a detailed 
critical review of the ECT data. Differences exist in the AVB pattern between tube 
columns 48-49, in which the AVBs appear to be less inserted than previously 
indicated. The pattern of Figure 8-6 is the best fit to the rules which were adopted 
for determining the position of the AVBs, as well as consistent with explanation of 
the tube failure.  

The basis of the review was a projection technique which utilizes data from tubes 
one or more rows removed from the actual inserted position of the AVB to 
determine the position of the AVB. The intent of the review was to establish the 
positions of the AVBs by confirming or eliminating features of AVB alignments such 
as side to side offsets, etc. of the AVBs adjacent to the tubes. Overall, the conclusions 
regarding the positions of the AVBs around R9CS I in North Anna- 1, Steam 
Generator C are based on consistency among all the available dlata.  

8.2 Test Measurement Uncertainties 

The descriptions of the peaking factor tests and apparatus were provided in 
Section 5.4. All practical measures were taken to reduce uncertainties. Nevertheless.  
some still remain and should be properly accounted for. The important parameter 
measured durin g testing that has a significant impact on peaking factor is the air 
velocity. The air velocity at test section inlet was measured using a ( 

&Ac. Based on considerable experience with the use of such 
instruments, it is known that the magnitude of uncertainty is very small. A I 6.c 
measurement uncertainty is used in this analysis based on past experience.  

8.3 Test Repeatability 

During the peaking factor testng of AVS configuration, each test was performed at 
least two times to confirm repeatability. It has been demonstrated that the tests are 
quite repeatable with the results often falling within 2 or 3% of one another for the 
repeat tests. An upper bound value of S% was used in the current uncertainty 
anayss.
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8.4 Cantilever vs, U-Tube

A first order estimate can be made of the validity of modeling a U-bend tube by a 
cantilever tube in tests to determine the effects of AVB insertion depth on the 
initiation of f luidelastic vibration. The following assumptions are used:

)Sc.C 

The comparison between a U-bend tube and the model tube involve the 
consideration of an effective velocity associated with the flow perturbation caused 
by the AVBs. I
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lax I 
ja~c. Using these values, the ratio of the 

effective velocity for the cantilever measuring tube to that for the U-bend tube is 
about J lax for the caso ireated.  

A similar evaluation can be made for a Row 10 tube that lies in the projection or 
shadow of an AVB that is inserted to a depth required to support a Row 9 tube.  

la'c.  
The net result is that the ratio of the effective velocity for the cantilever tube to that 
for the U-bend tube is about ( lax.  

These results indicate that. for the particular assumptions used, the cantilever tube 
model appears to be a reasonable representation of the U-bend with respect to 
determining relative peaking factors for different AVIS configurations. This 
evaluation also shows that, on the average, the magnitude of the systematic 
uncertainty associated with the use of cantilever tube to simulate the U-bend is 
about ( Ja~c.  

8.5 Air vs Steam-Water Mixture 

The local peaking factors from the air tests can be applied to the steam generator 
steanlwater conditions either as a direct factor on the mixture, velocity and thus a 
direct factor on a stability ratio. or as a factor on the steam velocity only with 
associated impacts on densty, void fraction and damping. This method leads to a 
reduction In tube damping which enhances the peaking factor compared to the 
direct air test value. For estimating an absolute stability ratio, this application of the 
peaking factor is a best estimate approach. However, for the evaluation of tubes 
relative to stability ratio criteria, it is more conservative to minimize the peaking 
factor for the North Anna Unit I tube R9CS1 through direct application of the air
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test peaking factor. This conservative approach is therefore used for evaluating tube 
acceptability.  

Under uniform AVB insertion (or aligned AVB Insertion), there are no local open 
channels for flow to escape preferentially. Therefore, air flow is approximately the 
same as steam/twater flow relative to velocity perturbations. Under non-uniform 
AVB insertion the steam/water flow may differ from air, as the steam and water may 
separate from each other when an obstruction, such as an AVB, appears 
downstream. The water would continue along the same channel while steam 
readily seeks a low resistance passage and thus turns into adjacent open channels.  
Two phase tests indicate a tendency for steam to preferentially follow the low 
pressure drop path compared to the water phase.  

Based on the above discussion, the F, are considered to more appropriately apply to 
the steam phase. Thus, it follows that mixture mass velocity for the tube subject to 
flow perturbation can be written as follows: 

I ~ Ia, c 
where D9 is the vapor density, Df the water density, Fa the velocity peaking factor 
determined from air tests, jg* the nominal superficial vapor velocity, and jf* the 
superficial water velocity. Steam quality can then be determined as follows: 

I I , c 

The Lellouche-Zolotar correlation (algebraic slip model), as used in the ATHOS code, 
is applied to determine void fraction. Subsequently, mixture density, velocity and 
damping coefficients for the tube which is not supported and subject to f low 
perturbation is evaluated. Therefore, similar to the air velocity peaking factor, local 
scaling factors of mixture density and velocity and damping coefficient can be 
readily determined. Finally, a local stability peaking factor for fluidelastic vibration 
can be calculated as follows: 

I Ija, c 

where Fs is the stability peaking factor, Pd the density scaling factor, Fv the velocity 
scaling factor, and Fdp the damping coefficient scaling factor. If we use the air 
velocity peaking factor ivithout translating to steamn/water conditions, then 

IIa, c
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As shown in Table 8-1 stability peaking factors for the steam/water mixture are 
slightly higher than air velocity peaking factors. The difference between the 
steam/water and air peaking factors increases as the air peaking factor increases.  

For application to tube fatigue evaluations, the ratio of the peaking factor for a 
specific tube to that for North Anna R9C5 1 is the quantity of interest. Larger values 
for this ratio are conservative for the tube fatigue assessment. The North Anna 
R9C5 1 peaking factor is one of the highest peaking factors. As discussed in Section 
8-7, a peaking factor of nearly [ Jcis determined for the R9C51 tube. The 
differences between [ 

]". Typical values are shown in Table 8-2. These results show that the 
direct appl;'ation of the air test data yields the higher relative peaking factor 
compareda to R9C5 1. To obtain conservatism in the peaking factor evaluation, 

Comparing the values in the f irst and last columns of Table 8-1, it may be noted that 
the stability peaking factor for steam water is [ Ja-c higher than the air 
velocity peaking factor. On the average, the uncertainty associated with the 
conservative use of air velocity peaking factor is [ Ja~c 

The conclusion that the peaking factor for steam water flow would be higher due to 
the dependency of damping ratio on void fraction was supported by an alternate 
study In this study, a section of steam generator tuL~es were simulated using the 
ATHOS code under protoypic f low conditions. The objective of this study was to 
examine the magnitude of the changes in void fraction and thus stability ratio as a 
consequence of non-uniform AVB insertion patterns. The current version of ATHOS 
has modeling limitations that prevent accurate modeling of local geometry effects.  
In addition, it is believed that an analysis using two-fluid modeling procedure is 
mandatory to a calculation of the peaking factors for a steam generator to account 
for the preferential steam flow along the low resistance path. Consequently, the 
intent of this analysis is only to help bound the uncertainty on void fraction effects 
from extrapolating the air tests tQ steam-water.  

First the analysis was conducted with uniformly inserted AVBs in the ATHOS model.  
The ATHOS results were processed by the FLOVIR code to determine stability ratios 
for the specific tubes of interest. Thv calculation was repeated using a non-uniform 
AVB insertion pattern in the model. The results show that the void fraction 
distribution changes as a result of flow perturbation. Further, the impact on stability 
ratio resulting from the changes in void fraction profiles was about [ 0-c. This 
alternate calculation provides independent corroboration of the prior discussion 
regarding the stability peaking factors under steam-water conditions vs. in air.
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8.6 AVB Insertion Depth Uncertainty

Thr most significant uncertainty for the low peaking configurations is not in the test 
results, but in the determination of actual AVB insertion patterns adjacent to specific 
tubes. The methodology used for obtaining the AVB insertion patterns from eddy 
current data can ascertain the AVB location only to with i n pproxi mately [ 

Ja~c. The effect on peaking factor i-esulting from 
this uncertainty is addressed using test results of AVB configurations that varied 
from one another by up to [ I ..  

Based on maps of AVB insertion depth of various plants, several configurations have 
been tested for determining fluidelastic instability flow rate by an air cantilever 
model. Stability peaking factors were tnen determined from the ratio of critical flow 
rate for a uniform AVB insertion configuration to a specific configuration. Figure 8-7 
summarizes the AVB configurations tested.  

Position of AVB insertion depth is determined from Eddy Current Test (ECT) data.  
Positioning of A'JB f rom ECT data reading is subject to uncertainty; its accuracy is 
probably about [ ja~c. A change of an AVB insertion depth in a 
given configuration leads to a different configuration, and thus a different peaking 
factor. A review of the tested AVB type has been made and results summarized in 
Table 8-3. As can be seen, a decrease in depth of an appropriate AVB tends to 
decrease the peaking factor, for instance, a I 

Ja.c. Such a trend can be explained; a decrease in a 
specific AVB depth will open up more channels for incoming flui;4 to distribute and 
thus less flow pe-turbation. However, this applies only to those changes without 
inducing the reinforcement of flow perturbation from upstream to downstream.  

On the average, the uncertainty in peaking factor resulting from small variations in 
AVB insertion (of the order of 1/2 tube pitch) is found to be [ lc 

8.7 Overall Peaking Factor with Uncertainty 

As discussed in the previous subsections, there are several aspects to be considered in 
applying the laboratory test data to steam generator conditions. These considera
tions were reviewed one at a time in those subsections. Tnis section will integrate 
the pieces into one set of stability peaking factors.  

Looking forward to how these peaking factors are used in the analysis (Section 9), 
the relative stability ratio calculated for a given tube without the consideration of 
flow peaking is corrected using the ratio of the peaking factor of the specific tube to 
that of the North Anna R9C51 tube (Configuration 1la).  

It is to be noed that the test results would be applied as ratios of a specif ic tube 
peakir~g factor to the R9CS 1 peaking factor. This will reduce the inf luence of some 
uncertainties since the systematic uncertainties would affect both the numerator
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and the denominator in the ratio of peaking factors. The major difference will be in 
those configurations whose peaking factors are significantly lower than that of 
R9C5 1. The approach employed here is intended 0. provide that conservative 
peaking factors are employed for such apparently low peaking configurations.  

The uniform AVB configuration (2a) is selected as a reference configuration, and the 
peaking factors of all configurations tested are recomputed on the basis of this 
reference. As discussed below, some of the test uncertainties are applied to the 
reference case to account for its significantly low peaking relative to the R9C51 
configuration.  

The uncertainties in the test results and their extrapolation are those due to test 
measurements, test repeatability, cantilever tubes in the test vs U-tubes in the steam 
generator, and air tests vs steam-water mixture. These were discussed in more detail 
in the previous subsections. The magnitude of these uncertainties are listed in 
Table 8-4.  

Of these uncertainties, those due to measurement and repeatability of tests are 
random errors and can occur in any test. Therefore, these are treated together. The 
total random uncertainties are calculated by [ 

Pa.c. The RSS value of these is [laxc. Since these can occur 
in any test, these are to be applied to all tests. One way of doing this is to apply it to 
the R9CS1 value, that being in the denominator of the final peaking factor ratio.  
Thus the peaking factor for configuration 1 a (R9C5 1) is reduced by this amount to 
yield a value of [ Ja-c instead of the [ ]axc appearing in Table 5-2.  

The next three uncertainties in Table 8-4 are systematic uncertainties. It could be 
argued that these appear in the peaking factors of both the specific tube under 
consideration and the R9C51 tube and are therefore counter balanced. However, 
the relative magnitude of these may be different, particularly for configurations 
with much lower peaking than R9C51. Therefore it was judged that the [ 

Ja.c. Similarly, as noted above, the 
effect on peaking factor due to the uncertainty in the field AVB configuration is also 
included in this reference case. Thus, ( 

I".The peaking factor of the reference 
configuration 2a (Table 8-5) is raised by this amount to a value of [ la.  

The change in peaking facto~rs of configurations 1la and 2a resulting from the 
application of uncertainties as described above are shown in Column 3 of Table 8-5.  
The peaking factors of all configurations are recomputed on the basis of this 
reference configuration (2a). These values are displayed in Colum'n 4 of Table 8-5.  

Some of the uncertainties were applied to the reference configuration (2a) in order 
to apply the--- to all low peaking configurations conservatively. Thus, no configura
tion should have a lower peaking factor than this refeience configuration.
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Therefore, wheni a peaking factor value less than [ Ja,c is calculated for any 
configuration, (in Column 4 of Table 8-5), it should be altered to [ ]a-c. Further, 
for some of the configurations that are conceptually similar, the more limiting 
(higher) value is used. For example, a peaking factor of [ ]a-' is used for 
configurations 5a and 5b ba!ed on their similarity to configuration 5c.  

The final stability ratio peaking factors calculated on this basis (with configuration 
2a as the reference) are shown in Table 8-6.  

The overall conclusions from the peaking factor assessment are: 

1. As noted in Table 8-4, five elements have been included in the uncertainty 
evaluation for the peaking factors. The uncertainty estimates were developed 
from both test and analysis results as described in Sections 8.2 to 8.6. The 
largest single uncertainty of [ Ja,c is attributable to uncertainties of up 
to [ ]a~c on determination of-AVB insertion depths from field 
eddy current clata. This relatively large uncertainty is applicable only to ow 
peaking conditions where the AVB uncertainties can contribute to small 
peaking factors. The definition of "no flow peaking" was increased to 
encompass the small peaking effects f rom AVB insertion uncertainties. For the 
AVB patterns leading to significant peaking factors, AVBs were positioned 
within uncertainties to maximize the peaking factor. For these configurations, 
variations of AVB insertion within these uncertainties are expected to reduce 
the peaking factor compared to the final values of Table 8-6 and Figure 8-7.  

2. Including uncertainties directed toward conservatively decreasing the peaking 
factor for the North Anna tube R9CS 1, the final R9CS1 peaking factor is 

I ja,c relative to a no flow peaking condition such as with uniform AVB 
insertion depths.  

8.8 Peaking Factors for Specif ic Tubes 

Peaking factors for Watts Bar Unit 1 were determined using the methodology 
described above. Table 8-7 summarizes the results of peaking factors. The AVB 
positions on each insertion pattern of Figure 8-7 should be carefully noted. Where 
the AVBs are shown at the top of the test tube, (configurations it, 4n for example), 
the AVBs at least partially block the flow past the test tube and low flow peaking 
factors are typically obtained. Where the AVBs are shown at the centerline of the 
tube row above the test tube, the flow past the test tube is not restricted and 
significant flow peaking can be obtained.  

In applying the methodology to Watts Bar 1, maps of the AVB insertion depths 
shown in Figures 6-2 through 6-5 were first reviewed. The second step was to 
identify those unique and meaningful configuration of AVB insertion depths in 
locality. In doing so, maximum allowable flow peaking factors were also reviewed 
column by column for rows 8 through 12. Based on the Watts Bar 1 tube vibration
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analysis, flow peaking factors greater than[ l ax for row 8 and lax8. for 
row 9 tubes would be required for tube fatigue to be a concern.  

After conservative estimates of peaking factors were made for specific tubes, those 
having peaking factors near the maximum allowable value were identified and AVB 
insertion depth accuracy was reviewed for the tube involved and its neighboring 
tubes. If needed, stability velocity for the tube with identified configuration of the 
AVB insertion depth was determined using the Westinghouse R&D Cantilever, Air 
Model. The peaking factor was then calculated using the stability velocity.  

Determination of peaking factors for identified tubes shown in Table 8-7 are 
described in detail below. Table 8-7 are broken into small tables for ease in following 
the description.  

8.8.1 Steam Generator 1 

The following table gives the peaking factors for row 8 tubes with unique 
configurations of AVB insertion depths.  

Steam Type of AVB Peaking 
Generator Row No Column No Insertion Depth Factor 

1 8 16 c 

22 
27 
85 
88L 

For R8C 16 tube, type l axc was a conservative selection and a peaking factor of 
l axc resulted. in selecting type [ J4ac for 118C 16 tube, the AVB between 

columns 14 and 15 is considered to be effective in blocking the channel in row 8, the 
ones between columns 15 and 17 to be positioned at the middle of row 9, and the 
one between columns 17 and 18 to be blocking the row 7 channel. The reason to 
take such a very conservative calling is to recognize the distinct positioning of the 
AVBs; those bars without the projection values were positioned mid-way between 
rows. By %he same conservatism, type 16-ac was called for R8C22 tube and a peakinq 
factor of [ laxc was obtained.  

Tube R8C27 belonged to type [ lax and thus a peaking factor of C &.c was 
obtained. Type I 18ac was used for R8C85 to yield a peaking factor of ( la~c. Type 

l axc was considered for tubes R8C88 and a peaking factor of 16-ac was 
obtained.  

The following table lists a portion of Row 9 tubes with unique AVB conf igurations 
together with their peaking factors.
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Steam 
Generator Row No Column No

Type of AVB 
Insertion Depth 

I

Similar to R8C16 tube, in recognizing the distinct positioning of AVBs, conservative 
calling was made for R9C9, R9C36, and R9C59 tubes, types [ laxc were 
selected, respectively. Their peaking factors are shown in the above table. F~or R9C22 
tube, type [ Jaxc was a good choice and a peaking factor of [ Iaxc resulted.  
Type [ Jaxc was good as a bound for R9C32 tube and a peaking factor of [ Ja.C 
was obtained. Types j jaxc were good for R9C64, R9C67 and R9C70 tubes, 
respectively and they had peaking factors of [ ]&,c, separately. For 
R9C77 and R9C81 tubes, [ Iaxc were conservative, and peaking factors 
of [ lac were obtained, respectively.  

The following table givas peaking factors for the remaining row 9 tubes and row 10 
tube having unique configurations of AVB insertion depths.

Steam 
Generator Row No Column No 

88 
91 
100 
104 
22

Type of AVB 
Insertion Depth

Peaking 
Factor 

1a'c

For tube R9C88, although the bar between columns 87 and 88 is penetrating to row 
9, a conservative call using type I 16-c was made to yield a peaking factor of ( 18,c.  
For RMC9 tube, type [ Jaxc was conservative and a peaking factor of I ja-c was 
obtained. Typel 18-c was a conservative choice for both R90100 and R90104 tubes 
and a peaking factor of ( 18ac resulted. Type [ lac was very conservative for 
R 10C22 tube and a peaking factor of ( )&ac was obtained.
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8.8.2 Steam Generator 2

Again, similar to R8C1 6 tube in steam generator I, those tubes having no projection 
of AVB position are located in the middle between upstream and downstream tube 
rows. This approach in positioning the AVBs is quite unique compared to other 
plants. Therefore, very conservative indlentification of configuratioin of AVB 
insertion depths was exercised when situation required it.  

Tubes with unique AVB configurations are listed together with their peaking factors.

Steam 
Generator Row No Column No

11 
16 
23 
32 
39 
42 
43 
48 
49 
55 
79 
82 
92 
104 
ill 
107

Type of AVB 
insertion Depth

Either type [ Ja-c orl l ax was conservative call for row 8 and columns 11, 16, 23, 
32, 39, 79,82,92 and row 9 column 104 tubes, a peaking factor of [ 18-c resulted.  
Type[ l ax was conservative for row 8 columns 42,43,48 and 49 tubes and a 
peaking factor of [ laxc was obtained. For R8C55 tube, type( C ac was selected to 
yield a peaking factor of [ ]a-c. Type I lax was a good choice for RlOC107 tube 
and a peaking factor of [lax resulted.  

8.8.3 Steam Generator 3 

The following table presents results of peaking factors.
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Steam 
Generator Row No Column No

Type of AVB 
Insertion Depth

Peaking 
Factor 

a,c

65 
79 
80 
108

In this generator, AVB positions are located in the middle between upstream and 
downstream tube rows. This approach in positioning the AVI~s is quite unique 
compared to other plants. Therefore, very conservative indlentification of 
configuration of AVB insertion depths was exercised when situation required it.  

Type [ Ja-c was selected for rowS8 columns 6.,31,65 and 108 tubes, thus a 
conservative peaking factor of [ Jac resulted. Type [ ]a~c was considered for 
R8C79 and R8C80 tubes and a peaking factor of [ a.C was obtained.  

8.8.4 Steam Generator 4 

Tubes which have unique configuration of AVB insertion depths were identified.  
Flow peaking factors for ti~e tubes identified were then determined using the test 
results of instability velocity.  

The following table lists the tubes identified and their peaking factors.

Generator 

4

Row No 

8 
9

Column No
Type of AVB 

Insertion Depth
Peaking 
Factor 

a,c

104 
4 
8 
107

Type I lac was selected for tube R8C 104 and a peaking factor of [ laxc 
resulted. Type [ Jac was considered for both R9C4 tube and a peaking factor of 
I lax was obtained. R9C tube was bounded by type [ 18-c and a peaking 
factor of [ Ja-c was obtained. For tube R9C 107, type [jac was selected to yield a 
peaking factor of ( la.c.
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